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3HATCH EXPERIMENT STATION
OF THE
MASSACHUSETTS AGKICULTURAL COLLEGE,
AMHERST, MASS.
By act of the General Court, the Hatch Experiment
Station and the State Experiment Station have been con-
solidated under the name of the Hatch Experiment Station
of the Massachusetts Agricultural College. Several new
divisions have been created and the scope of others has
been enlarged. To the horticultural has been added the
duty of testing varieties of vegetables and seeds. The
chemical has been divided, and a new division, ' 4 Foods and
Feeding," has been established. The botanical, including
plant physiology and disease, has been restored after tem-
porary suspension.
The officers are : —
Henry H. Goodell, LL.D.,
William P. Brooks, Ph.D.,
George E. Stone, Ph.D.,
Charles A. Goessmann, Ph.D., LL.D.,
Joseph B. Lindsey, Ph.D.,
Charles H. Fernald, Ph.D.,
Samuel T. Maynard, B.Sc,
J. E. OSTRANDER, C.E.,
Henry M. Thomson, B.Sc,
Ralph E. Smith, B.Sc,
Henri D. Haskins, B.Sc,
Charles I. Goessmann, B.Sc,
Samuel W. Wiley, B.Sc,
Edward B. Holland, M.Sc,
Fred W. Mossman, B.Sc,
Benjamin K. Jones, B.Sc,
Philip H. Smith, B.Sc,
Robert A. Cooley, B.Sc,
George A. Drew, B.Sc,
Herbert D. Hemenavay, B.Sc,
Arthur C. Monahan,
Director.
Agriculturist.
Botanist.
Chemist (fertilizers).
Chemist (foods and feeding).
Entomologist.
Horticulturist.
Meteorologist.
Assistant Agriculturist.
Assistant Botanist.
Assistant Chemist (fertilizers).
Assistant Chemist (fertilizers).
Assistant Chemist (fertilizers).
First Chemist (foods and feeding).
Assistant Chemist (foods and feeding).
Assistant Chemist (foods and feeding).
Assistant in Foods and Feeding.
Assistant Entomologist.
Assistant Horticulturist.
Assistant Horticulturist.
Observer.
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The co-operation and assistance of farmers, fruit growers,
horticulturists and all interested, directly or indirectly, in
agriculture, are earnestly requested. Communications may
be addressed to the " Hatch Experiment Station, Amherst,
Mass."
The following bulletins are still in stock and can be
furnished on demand : —
No. 27. Tuberculosis in college herd; tuberculin in diagnosis;
bovine rabies
;
poisoning by nitrate of soda.
No. 33. Glossary of fodder terms.
No. 35. Agricultural value of bone meal.
No. 37. Report on fruits, insecticides and fungicides.
No. 41. On the use of tuberculin (translated from Dr. Bang).
No. 42. Fertilizer analyses ; fertilizer laws.
No. 43. Effects of electricity on germination of seeds.
No. 45. Commercial fertilizers; fertilizer analyses; fertilizer
laws.
No. 46. Habits, food and economic value of the American toad.
No. 47. Field experiments with tobacco.
No. 48. Fertilizer analyses.
No. 49. Fertilizer analyses.
No. 50. The feeding value of salt-marsh hay.
No. 51. Fertilizer analyses.
No. 52. Variety tests of fruits ; spraying calendar.
No. 53. Concentrated feed stuffs.
No. 54. Fertilizer analyses.
No. 55. Nematode worms.
No. 56. Concentrated feed stuffs.
No. 57. Fertilizer analyses.
Special bulletin,— The brown-tail moth.
Index, 1888-95.
Of the other bulletins, a few copies remain, which can
only be supplied to complete sets for libraries.
New methods and new appliances in the feeding and care
of animals and plants have opened up new problems, and
the demands made upon the station have taxed it to its
uttermost. Briefly summarizing the work of the year, we
find it distributed as follows : in the division of foods and
feeding a new feature has been added, viz., regulating the
sale of concentrated feed stuffs. There have been 663
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analyses of these materials made, 292 of fodder and 420 of
dairy products. In an investigation of Cleveland flax meal
v. old-process linseed meal for feeding early lambs, it was
found that no injurious results followed from the use of flax
meal, and that there was the same average daily growth of
the lambs on either ration ; in an experiment of corn meal
v. hominy meal and corn meal v. cerealine feed for growing
pigs, it was found that the corn meal was five to ten per-
cent, more valuable than cerealine feed used in connection
with skim-milk, while hominy meal was quite as valuable
as corn meal in connection with skim-milk.
In the entomological division, besides the special work
in connection with the gypsy moth, attention has been paid
to combining the arsenate of lead and the Bordeaux mix-
ture, with favorable results. The life histories and habits
of two pernicious insects have been worked out,— the grass
thrips, particularly destructive in this State, and the small
clover-leaf beetle (Phytonomus nigrirostris) . The perni-
cious scale insects (Chionaspis) have also been carefully
studied, and the results will soon be published.
The horticultural division has continued its work of test-
ing varieties of fruits, domestic and foreign, suitable for
this State, and its investigation of hydrocyanic acid as an
insecticide.
The division of fertilizers has made five hundred and
fifty-two analyses ; has conducted experiments on the use
of concentrated chemical manures to supply plant food in
greenhouses, combinations of high-grade fertilizers for
garden, greenhouse and pot cultivation ; and has made
observations with dried blood and two kinds of leather
refuse as a source of nitrogen for growing rye in presence
of acid and alkaline phosphates.
The agricultural division, in addition to its soil tests with
corn, onions, oats, etc., has undertaken the testing of seeds
of the same variety of potatoes raised in different localities,
finding a variation of fifty per cent, in Early Kose and
Beauty of Hebron. In experiments with poultry the fol-
lowing results were obtained with reference to egg produc-
tion : (a) that condition powders had no effect; (b) that
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animal meal was of more value than eut bone
;
(c) that the
influence of the cock was nil; (cZ) that a wride ration was
preferable to a narrow ration.
The botanical division has issued an illustrated bulletin
(No. 55) on the nematode worm, in wrhich its life history
is traced, and a simple remedy, steaming the soil, given for
its repression. Work has been done in the drop and top
burn of lettuce, asparagus and chrysanthemum rust, and in
sub-irrigation and the mechanical condition of soil as affect-
ing the growth of lettuce.
Reports from the different divisions, giving in detail the
work of the year, accompany this brief summary.
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ANNUAL REPORT
Of George F. Mills, Treasurer of the Hatch Experiment Station
of Massachusetts Agricultural College,
For the Year ending June 30, 1898.
Cash received from United States treasurer, . . . f 15,000 00
Cash paid for salaries, $4,443 00
for labor, 3,605 36
for publications, 2,885 54
for postage and stationery, . . . 235 56
for freight and express, . . . 355 49
for heat, light and water, . . . 130 17
for seeds, plants and sundry supplies, . 448 72
for fertilizers 285 86
for feeding stuffs, 141 17
for library, 244 78
for tools, implements and machinery, . 250 00
for furniture and fixtures, . . . 105 19
for scientific apparatus, . . . 228 36
for live stock, 901 00
for traveling expenses, . . . 220 00
for contingent expenses, . . . 80 65
for building and repairs. . . . 439 15
$ 15,000 00
Cash on hand July 1, 1897 $19 73
Received from State treasurer, .... 11,200 00
from fertilizer fees, .... 3,278 75
from farm products, .... 1,763 86
from miscellaneous sources, . . . 1,663 45
$17,925 79
Cash paid for salaries, $8,901 77
for labor, 3,167 18
for publications, 708 27
for postage and stationery, . . . 236 16
for freight and express, . . . 154 97
Amount carriedforward, . . . $13,168 35
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Amount broughtforward, $13,168 35
Cash paid for heat, light and water, 549 44
M0 M
368 02
592 46
191 10
34 49
40 23
187 11
313 50
356 73
163 96
1,001 86
fur chemical supplies, .
for seeds, plants and sundry supplies,
for feeding stuffs,....
for library,
for tools, implements and machinery,
for furniture and fixtures, .
for scientific apparatus,
for live stock, ....
for traveling expenses,
for contingent expenses,
for building and repairs,
117,925 79
I, Charles A. Gleason, duly appointed auditor of the corporation, do hereby certify
that I hare examined the books and accounts of the Hatch Experiment Station of
the Massachusetts Agricultural College for the fiscal year ending Jane 30, 1898; that
I hare found the books well kept and the accounts correctly classified as above; and
that the receipts for the year are shown to be $32,925.79, and the corresponding dis-
bursements $32,925.79. All the proper vouchers are on file, and have been by me
examined and found to be correct, there being no balance on accounts of the fiscal
year ending June 30, 1898.
CHARLES A. GLEASON,
Auditor.
Amherst, Aug. 31, 1896.
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KEPORT OF THE METEOROLOGIST.
JOHN E. OSTKANDER.
During the year, as in previous years, the meteorological
division has been principally engaged in the observations
of the various weather elements and phenomena, and the
compilation of the records in permanent form. The more
important results, together with summaries of most of the
others, have been published, as heretofore, in bulletin form
each month. The usual summary of the weather for the
year will be issued when the records are completed.
The records of the division were begun with the year
1889
;
accordingly, this year completes the first decennial
period. A tabulation of the results for the whole period
is under way, for use in determining the means of the
several weather elements at this station. These results
should give normal conditions differing but little from
those that may afterward be deduced from observations
covering a much longer time, and will be found valuable
for the purpose of determining departures from mean con-
ditions in the future. The tables are being arranged in a
suitable form for publication, so that they may be issued in
bulletin form, if it is thought desirable.
While the self-recording instruments in the tower give
generally good results, the records of the sun thermometer
are lacking in precision. Cold-air currents and variable
wind velocities give at times records which cannot be
distinguished from those due to cloudiness. The desira-
bility of having a photographic or an electrical sunshine
recorder, for use in conjunction with the Draper instrument,
is suggested.
The local forecasts of the weather have been received
daily, except Sunday, from the Boston office of the United
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States Weather Bureau, and the signals displayed on the
top of the tower. At the request of Mr. J. W. Smith,
director of the New England section of the United States
Weather Bureau, this division has arranged to furnish his
office the weekly snow reports, as has been done the past
few years. The record of the number of days of sleighing,
begun by Professor Metcalf, is being continued.
During the year attempts were made to secure some rec-
ords of atmospheric electricity by using the quadrant elec-
trometer in the tower, but without success. The extreme
sensitiveness of the instrument seems to preclude its working
at any such height from the ground, where it is necessarily
subjected to the vibrations of the building. Unless a suit-
able location and mounting can be provided elsewhere, the
records it was intended to secure cannot be obtained with
any degree of success.
During the year the division purchased one of the resist-
ance boxes made after the design of Prof. Milton Whitney,
of the Division of Soils, United States Department of Agri-
culture, for the purpose of continuing the examination of
soil moisture by the electrical method. The electrodes
could not be obtained from the manufacturer until early
in June, and then a number proved defective. Others
were loaned us later by the Department at Washington
for continuing the work. The results obtained have been
even less satisfactory than those of last year. An examina-
tion of the electrodes in the soil showed in some cases short
circuits to have been produced by the growth of roots across
the face ; in other cases no cause could be found for unusual
changes in the resistance. A continuation of the experiment
another year may perhaps furnish more satisfactory results,
or reveal the causes of some abnormal fluctuations.
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REPORT OF THE HORTICULTURIST.
SAMUEL T. MAYNARD.
The work of this division daring the past- year has been
carried on in about the same lines as for the year of 1897.
Of the experiments conducted, variety testing of fruits,
vegetables, flowers, etc., has occupied considerable atten-
tion. This work has been undertaken largely in response
to the constant calls from the people to know the value of
widely advertised new varieties put upon the market with
extravagant claims of merit and at exorbitant prices, nine-
tenths or perhaps ninety-nine-hundredths of which prove
of less value than the old established sorts.
Fruit Investigations.
The A})})le.
With each succeeding year the fact is more and more clear
that old varieties, from the many conditions of cultivation,
from increased injury by insects and fungous pests, grow
more feeble and are more and more subject to the continued
action of the above agencies ; and that new varieties must
be found, that can be more easily and cheaply grown, or
that will meet the demand for fruit of better quality. The
Baldwin apple, for so long a time the most profitable and
satisfactory variety for market, has in many places in the
last two or three years shown so great a tendency to the
dry-rot spots under the skin, long before its normal time
for the breaking down of its tissues in the process of ripen-
ing, that much of its fruit put on the market has had the
effect of decreasing the demand and lowering the price
;
while the Ben Davis, not nearly as good in quality, but
firm, fresh and solid from skin to core, has been sold in our
local markets to the exclusion of the home product.
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The varieties of apples tested here and in many other
sections, that stand out prominently as possessing those
qualities that will enable them to successfully compete with
the winter varieties shipped to our markets from other
States, are the Sutton Beauty, Palmer, Macintosh Red,
Wealthy and Gano.
Sutton Beauty.— Much superior in quality to the Bald-
win ; is of similar color, perhaps not quite as large unless
thinned, and has not shown the dry-rot spots so common
in the latter variety. The tree is vigorous and compact
in growth, generally with strong, healthy foliage, and so
prolific as to require thinning. For local trade it is one
of the best.
Palmer. — An apple of medium to large size, of a golden-
yellow color when grown on trees in the full exposure of
sunlight, but of a green color if grown on closely planted
trees. It is of the best quality, tender, crisp and rich.
Being an apple of light color and tender flesh, it should be
handled very carefully when gathered, and sold in bushel
boxes, in which it will not be subjected to much pressure or
jolting.
Macintosh Red.— This is one of the most beautiful of
late fall and early winter apples, and, as far as it has been
tested in Massachusetts, has done well, and promises to
secure much of the trade for fancy apples that demands
such varieties as the Fameuse, or Snow apple, which is not
successfully grown in this State.
Wealthy.— Generally this variety has proved very satis-
factory, but has only been grown on young trees. Its
season of ripening is when there is an abundance of fall
apples, but it often keeps into early winter. It colors up
early, and its beauty, together with its fine quality and
somewhat elastic texture, not easily bruised, makes it a
good market variety, and should make it valuable as an early
shipping apple with which to open the fall trade in European
markets, which in the past has been greatly injured by
shipping half-ripe and poorly colored Baldwins, and other
varieties not as well colored or matured as the latter variety.
It has thus far proved prolific, an early bearer and free from
disease, but will be greatly improved by thinning.
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Ben Davis.— It has been stated on good authority that
more of this variety were sold in the Boston markets and
on fruit stands during the winter of 1897 than of any other
kind, almost the entire amount of which were imported
from the western States. In quality and beauty this apple
is far below any of the varieties above mentioned ; yet its
perfect form, uniform size, good keeping qualities, and
its very firm, but somewhat elastic flesh, render it less
affected by handling and shipping than almost any variety
in cultivation. It is very productive, but, as grown in New
England, unless thinned, will be of medium or small size.
From its behavior thus far it would seem that, if a variety
of so poor quality is to be demanded by our markets, it
may be grown quite as successfully in many sections of the
State as in any other section of the country. This, how-
ever, is not necessary ; for, if the previously named varie-
ties are well grown, there will be no difficulty in securing
the local markets for them, if they are properly sorted and
delivered.
Gano.— This variety was introduced as an improved Ben
Davis, and, as far as tested, has proved superior to that
variety in color, and perhaps to a very slight degree in
quality. As yet it has only been produced on young trees,
so that its real value cannot be determined without many
years' further trial.
Pears.
With the large number of kinds of choice fruit that is
now competing with the fruit grown in New England, the
pear seems to be less in demand than formerly. Fewer
varieties also are found profitable than a few years ago. Of
those that stand at the head of the list, the Bartlett, Bosc,
Sheldon, Seckle and Hovey are the most generally grown
and bring the highest prices.
Peaches.
The interest in peach growing in this State seems on the
increase, and the growers are coming to see that it is use-
less to plant the peach for profit except on high land,
where a moderately vigorous growth can be maintained, and
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where the temperature is such that the fruit buds mature
more fully and are not so liable to be destroyed by extreme
cold. The varieties that are popular in the market and that
are most profitably and successfully grown are Crawford's
Early, Crawford's Late, Old Mixon, Elberta and Crosby.
All of these varieties except the Elberta have long been
grown in Massachusetts. The latter is an oval peach of
large size and of a light-yellow color, with more or less
color on the exposed side. It is generally hardy and pro-
ductive, but the past season, in a great many sections of
this and other States, was so seriously injured by the " leaf
curl " as to endanger its vitality. Should it continue to be
attacked by this disease, it will not long remain a profitable
variety.
Plums.
Many growers of this fruit in the State have become dis-
couraged from the lack of profit in the domestic plum, on
account of the black knot, plum curculio, leaf blight and
brown rot. The results obtained in the station orchards
give no reason for such discouragement. Trees of all ages,
from thirty years old to those of one or two years' growth,
may be found, and almost every variety of any value is rep-
resented. Upon these trees will be found hardly a knot to
the tree. No leaf blight appeared on the majority of the
trees, and many varieties matured their fruit with little
or no injury from the brown rot, while a few others were
seriously injured. In the average season the use of the Bor-
deaux mixture, as recommended in the spraying calendar
in Bulletin 52, has been found to prevent even the serious
injury of the fruit by the brown rot; and the past season,
had one or two applications of the copper sulphate solution
(one-fourth pound to fifty gallons of water) been made the
last of July or in early August, this loss might have been
greatly reduced. The black knot has almost wholly suc-
cumbed to the treatment outlined in the bulletin mentioned,
and the most healthy and vigorous foliage is to be found
upon all the trees. The varieties that show the greatest
tendency to rot are Lombard, Washington, Gueii, Smith's
Orleans and Victoria. Those that show the least are Brad-
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shaw, Prince Englebert, Kingston, Grand Duke, Reine
Claude and Fellemberg. The amount of rotting of many
varieties, however, is largely dependent upon the weather
at the time of their approaching maturity, and only prompt
and frequent spraying at this time will save the crop.
Of the newer varieties, those that show the most promise
are the Kingston, Lincoln and Fellemberg.
Kingston. — Fruit very large, oval in form, slightly
pointed at both ends, of the brightest blue color, firm in
texture and very acid in quality
;
ripens late in the season
and hangs a considerable time on the tree
;
very productive
and valuable for canning, though it is rather large for this
purpose.
Lincoln. — Early, dark purple, of large size and very
fine quality ; fruited but two years in the station orchards,
but it seems very promising.
Fellemberg. — This seems identical with a variety that
we have had growing for nearly thirty years under the name
of the German prune. It is a regular biennial bearer, but
never produces large crops. The fruit is of medium to
large size, tapering at both ends. It is of deep purple
color, a perfect freestone and of very good quality. Its
great value lies in its long keeping and its fine canning
qualities.
The Japanese plums, from their rapid growth, great pro-
ductiveness, early bearing and attractiveness, are being
quite largely planted in nearly all sections of the country,
and promise to be of considerable value to our fruit growers
who do not succeed in growing the domestic varieties. The
trees seem to be a little less subject to the black knot and
the brown rot, but more subject to the shot-hole fungus,
and are often seriously injured by the use of the copper
solution and the arsenites. The fruit is attractive, and
meets a ready sale ; but whether the demand will be lame
enough to keep up with the increased planting that is going
on, time only can determine. All of the varieties of re-
ported value have been planted in the station orchard,
forty-eight in all, many of which will fruit next summer for
the first time, unless the fruit buds are destroyed by the
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cold winter weather. In some cases these varieties are
attacked by some disease similar to the peach yellows. Of
the varieties that have been tested for several years in
various sections of the country, the Abundance, Burbank,
Red June and Satsuma have proved satisfactory. Of the
newer varieties that are of very fine quality the Wickson,
Hale and October Purple may be mentioned.
The Satsuma has not ripened here so as to be of much
value for table use, but from the deep-red color of its flesh
it is especially valuable for canning. It seems to be weak
in self-fertilizing qualities, and needs to be planted among
other varieties for the best results in pollination.
Cherries.
The crop of cherries in the station orchard would have
been unusually large but for the extremely hot and moist
weather at the time of ripening, which caused the fruit to rot
badly. The trees had been regularly sprayed with Bordeaux
up to the time when it would disfigure the fruit, but there
was not a sufficient quantity of the copper from this to
spread over the rapidly growing leaves and fruit. From
results obtained here and from reports received from other
stations, it is probable that spraying thoroughly immedi-
ate!)/ after each rain, as the fruit begins to color, with the
copper solution (four ounces of copper sulphate to fifty gal-
lons of water), would largely prevent this loss. It is urged
that the coming season those engaged in growing cherries
should try this treatment. It must be borne in mind that
the application should be made very soon after the rain
ceases, as the spores of the brown rot germinate very
quickly when placed in moisture, and it is to prevent this
germination that the application is made. Heavy rains,
especially if soon followed by dry weather, need be little
feared, as they tend to wash the spores off the plants, though
some may gain a lodgement in the axils of the leaves or in
the calyx of the fruit or other places. The varieties most
satisfactory were Governor Wood, Napoleon, Black Tar-
tarian and Early Richmond.
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Grape*,
Perhaps upon no fruit crop grown in New England is
the certainty of protection by spraying so great as with
the grape crop, when properly done, and upon which in-
secticides and fungicides are so easily and cheaply ap-
plied. Campbell's Early, the only new variety fruiting
that stands out as decidedly promising, produced fruit on
several young vines. The growth of vine was satisfactory,
the foliage free from disease, the fruit beautiful in appear-
ance and of good quality. The compactness of bunch and
firmness of berry will make it a good shipping grape, and,
if it does not develop a tendency to disease, it will be I
valuable addition to the few varieties that can be profitably
grown in New England. It ripens as early or perhaps a
little before Moore's Early, and is much superior in quality.
The varieties recommended for this section are Winchell or
Green Mountain, Worden and Delaware.
Currants,
There is scarcely another fruit the merits of whose new
varieties it is so difficult to decide as the currant, because
of its great variation in size and productiveness under
different conditions. All the new varieties of any prom-
inence have been planted in the station plots, and those
that stand out prominently as possessing merit are the
Pomona, Wilder and the Red Cross
;
and, after three years
fruiting, their value seems to be in the order given. The
Pomona may be mentioned as of especial value, because of
its superior quality. We have no records, however, to
show that any of the above varieties will be more valuable
for general cultivation than Fay's Prolific or the Cherry.
Blackberries.
All of the prominent new varieties have been added to
the list under trial, but none have thus far shown them-
selves to be more valuable than the best older sorts, — the
Agawam, Snyder and Taylor's Prolific. On heavy soils,
where the growth is large and furnishes an abundant soil
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cover, thus keeping the ground cool, the first-named variety
proves very satisfactory ; but when grown on light land it
is of much less value.
The Eldorado continues to do well, and compares favor-
ably with the above-mentioned varieties ; but whether it will
prove more valuable than any other, can only be determined
in large plantation.
Raspberries.
With the red raspberry there has been little or no prog-
ress made in improved varieties. The Loudon, which, from
its stocky growth, hardiness and fruit of good size, color
and quality, seemed very promising, has the past season
shown a tendency to mildew of the leaves and young grow-
ing canes. If this becomes general, it will greatly reduce its
value. The seedlings produced from the seeds of the Shaffer,
and referred to in a previous bulletin, have again fruited, and
many of them show decided merit, some producing fruit of
a bright scarlet color upon plants that propagate only from
the tip of the cane, as does the Shaffer ; while others pro-
duce fruit of the Shaffer type that propagate from suckers,
like the common red raspberry.
Straicberries.
The past season was favorable for a large crop of fruit,
but the extremely wet weather at the time of ripening caused
much loss by rotting. The named varieties were planted in
plots of twenty-live plants each, while the most promising
of these are planted each season in rows under field culture.
Of the varieties in plots (soil medium heavy loam), the
Brandywine, Gandy Bell, Glen Mary, Sample and Howard's
No. 14 gave the best results. Of those grown under field
culture, on light land, the Clyde, Cumberland, Glen Mary,
Howard's Nos. 36 and 41 save the best results.
New Fruits.
Several new species of raspberries, the strawberry-rasp-
berry, Logan-berry, Salmon-berry, May-berry, etc., have
been planted, some of which have fruited, but only two
seem to possess any merit for this climate. The straw-
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berry-raspberry is an herbaceous perennial, the top of which
dies to the ground in the winter, but is followed by numerous
shoots in the spring from underground stems, that bear most
beautiful wine-colored fruit in abundance. This fruit is of
a peculiar, insipid, though not unpleasant flavor, and may
be the origin of new varieties with a more decidedly pleasant
taste. Should such varieties be produced, and a system of
cultivation be worked out by which a reasonably certain crop
can be secured, it may prove a valuable addition to our list
of hardy fruits.
The Lor/an berry resembles the common dewberry or
running blackberry in habit of growth and form of fruit
;
but the latter is rather larger, and of a dark-red or mahogany
color. It possesses a pleasant flavor, but the same obstacle
to its general cultivation is met as with the dewberry,— that
it is difficult to devise a method of cultivation and training
that will give a large crop of fruit every year.
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REPORT OF THE CHEMIST.
DIVISION OF FOODS AND FEEDING.
J. B. Lindsey.
Assistants, E. B. Holland, F. W. Mossman, B. K. Jones, P. H. Smith, Jr.
Part I.— Laboratory Work.
Outline of Year's Work.
Part II.— Feeding Experiments and Dairy
Studies.
Dart I.
Extent of Chemical Work.
The laboratory work connected with this department has
been much increased during the past year. We have re-
ceived for examination 159 samples of water, 228 samples
of milk, 17 samples of butter, 4 samples of oleomargarine
and 81 samples of feed stuffs. The work in connection
with this and other divisions of the Station has consisted
of the analysis of 394 samples of milk, 26 samples of butter,
292 samples of fodders and 11 miscellaneous samples. In
addition to the above, we have collected 754 samples of
feed stuffs under the provisions of the feed law, of which
663 samples have been examined. This makes a total of
1,875 substances analyzed, as against 1,147 in 1897. There
have also been carried on for the Association of Official Agri-
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cultural Chemists, investigations relative to the best methods
for the determination of potash, and of the different ingredi-
ents in cattle foods, as well as a study of the most desirable
methods to be employed in the estimation of sugar. It is
hardly possible to express numerically the extent of this
work.
Character of Chemical Work.
Water. — We have followed the same general line of in-
vestigation as in former years, in the examination of waters
sent by farmers and others.
Whenever possible printed instructions are sent for sam-
pling and sending the water. In making a report to the
party, a printed form is used. Upon the form there is
explained the meaning of the terms used, so that every
one will have at least a general idea of what the analytical
results are meant to convey.
Those sending the samples have been advised promptly
whether in our judgment the water was suitable for drink-
ing and general domestic purposes. Whenever necessary,
suggestions have been offered with the hope of improv-
ing the family supply. We again caution everyone who
depends upon wells and springs for their drinking water
to have all sink drains, etc., remote from the well, and
to keep the ground in the vicinity free from objectionable
matter. Lead pipes should never be used in drawing water
from wells.
Milk. — Some of the milk sent to the station has been
from farmers who ship their milk to the Boston market,
and having been notified by the contractors that their article
was below the legal standard, wished to ascertain if such
was the fact, and if so, what could be done for its improve-
ment. To such we have given the same advice as appeared
in our last annual report, to which interested parties are
referred.
Many farmers are now sending occasional samples of
milk, cream and skim-milk to the station, to ascertain
the amount of butter fat contained in them. These pro-
ducers sell their milk to creameries, and they are desirous
of knowing its quality for butter production. This is a
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very encouraging sign, for it shows that the farmer really
wishes to know the butter-producing capacity of his cows,
and the efficiency of his separator, or Cooley creamer, in
removing the fat from his milk. To all who desire, printed
information is given, stating how to ascertain the yearly
butter capacity of dairy cows.
Much of the milk and butter analyzed in connection with
our own experiments has been studied with a great deal of
care. We have estimated the water, solids, fat, casein, milk
sugar, and ash in a large number of samples. We have also
made a very thorough examination of 2G samples of butter
fat produced by cows employed in connection with our feed-
ing experiments. There have been determined in duplicates
or triplicates, volatile acids, specific gravity, melting point,
and the iodine number.
Cattle Feeds. — Our feed law7 has now been in operation
about one and one-half years. We have made frequent in-
spections covering the entire State, and have published two
especially prepared bulletins giving the results of our in-
vestigations. We have endeavored to make these bulletins
as practical as possible, and judging from the way in which
the bulletins are received, it is believed that we have in a
measure succeeded. During the spring of 1898 a consider-
able quantity of adulterated cotton-seed meal wras found in
various sections of the State. Printed slips of warning
were immediately sent to 100 newspapers in the State, and
a concise circular was also mailed to every grain dealer,
cautioning against its purchase. While meal of this char-
acter generally has a darker appearance than the prime
article, samples of inferior meal have recently been found
having quite a bright yellow color. A number of reputable
manufacturers now print a guaranty upon every package,
and purchasers are strongly advised to buy only the guar-
anteed article. The effect of the feed law has been to call
the attention of all manufacturers to the necessity of brand-
ing their products, and having them run as even as possible
in composition. Many of the more reputable manufacturers
are now placing a guaranty upon their feeds, and it is hoped
others will soon follow.
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Many new feeds are constantly being offered for sale in
our markets. A number have appeared during the year
1898. Our object is to secure samples of these materials
promptly, and ascertain their feeding and comparative
commercial values. For detailed information the reader
is referred to Bulletins 53 and 56.
Other Chemical Work.— The analyses of feed stuffs and
manures in connection with the numerous digestion experi-
ments carried on by this division, involves a considerable
amount of time and effort, but because of this work we are
enabled to state with a reasonable degree of accuracy the
feeding and commercial values of the concentrated feeds
sold upon the market, and of the coarse feeds produced
upon our farms.
It is the object of this division to assist the Association
of Official Agricultural Chemists as much as possible in
perfecting methods of chemical analyses, and in finding
out methods for the estimation of the quantity and nutri-
tive value of several of the newer carbohydrates. We
spend whatever time can be had during each year in work-
ing along these lines, believing it will be productive of
much good in the future. During the past year we have
given attention to the estimation of pentosans, starch and
sugar in agricultural plants.
The chemical work received from the agricultural division
has very much increased during the past year. This work
consists of the determination of dry matter in a large num-
ber of plants, the estimation of starch in potatoes, the
analyses of feed stuffs used in poultry experiments, and in
general fodder analyses. This increased work is now
severely taxing the resources of our chemical force.
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Part II.
A. Cleveland Flax Meal v. Old-process Linseed
Meal for Early Lamp.-.
Object of the Experiment.
It has recently been claimed, by parties who grow early
lambs for market, that the so-called new-process linseed
meal (Cleveland flax meal) exerted an injurious effect upon
the young lamb. Some claim that this meal did not favor
growth, and others that it was the cause of frequent sudden
deaths. On the other hand, it was stated that the old-pro
meal did not have these injurious effects, but favored rapid
growth and fattening. The station was asked to throw
some light on the subject, and conducted the following ex-
periment in the winter and early spring of 1898.
The Experiment.
Six grade Southdown ewes were brought to the station
barn the first week in February, and each placed in a sepa-
rate pen six feet wide by fifteen feet long. The pens were
separated by stout wire netting, thus enabling the animals
to see each other. The ewes were all in fair condition, and
in about two weeks' time began to drop their lambs. Each
lamb was weighed five days after being dropped.
Daily Feed for the Ewes after Lambing. — Two pounds
corn ensilage, rowen ad libitum, 1 pound grain mixture.
The grain mixture* was gradually increased until each ewe
received 2\ pounds daily. This grain feed was kept up as
long as the ewes would take it, and was then gradually
reduced. The grain mixture, as will be noticed, contained
about one-third of one of the two kinds of linseed meal.
Daily Feedfor the Lambs.— The pens were so arranged
that the lambs gained access to a separate compartment, con-
taining a mixture of grains. They soon learned to go in as
soon as the feed was placed in the troughs. It was our aim
* The grain mixture consisted of 7.6 pounds of old-process linseed or flax meal,
7.5 pounds of bran, 5 pounds corn meal and 5 pounds gluten feed.
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to feed them what they would eat daily : grain mixture
No. 1, 7.5 pounds flax meal or old-process linseed meal,
7.5 pounds bran, 10 pounds corn meal.
After feeding this mixture for about two weeks, a second
was fed, as follows : 10 pounds flax meal or old-process
linseed meal, 5 pounds bran, 5 pounds corn meal.
When the lambs each reached 40 pounds in weight, the
mixture was again changed to : one-third flax meal or old-
process linseed meal, one-third bran, one-third corn meal.
It was our object to give the lambs as much of each of
the two linseed meals as they would stand, and keep in a
healthy, growing condition.
Care of the Lambs.— The lambs were kept in the pens
with the ewes. As the season advanced, they were allowed
the run of a large yard in the warmer part of sunny days.
Record of Growth.
Flax Meal Lambs.
Number op Lamb.
<n .
>>Q4
a o
>
Q
Date
when
slaughtered.
No.
of
Days
in
Experiment.
Weight
Five
Days
after
d
ropping
(Pounds).
Weight
when
slaughtered
(Pounds).
Total
Gain
(Pounds).
Daily
Gain
(Pounds).
Lamb No. 8, March 3, May 5, 62 •15.25 67.00 51.75 .83
Lamb No. 6, March 1, May 18, 78 10.25 57.50 47.25 .62
Lamb No. 7, March 1, May 25, 85 10.50 53.00 42.50 .50
Lamb No. 1, February 25, May 18, 82 9.50 47.50 38.00 .46
Lamb No. 2, February 25, May 25, 89 9.25 41.00 31.75 .36
Average, 79 10.95 53.20 42.25 .54
Old-process Linseed Meal Lambs.
Lamb No. 5, . February 25, April 29, 63 11.75 52.25 40.50 .64
Lamb No. 3, . February 25, May 18, 82 11.00 50.00 39.00 .48
Lamb No. 4, . February 25, May 25, 89 8.75 44.50 35.75 .40
Lamb No. 9, . March 19, June 1, 74 10.25 52.25 42.00 .57
Lamb No. 10, . March 19, June 1, 74 9.00 51.00 42.00 .57
Average, 76 10.15 50.00 39.85 .53
Note — Lambs 6 and 7, 1 and 2, 3 and 4, 9 and 10, were twins.
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The lambs were shipped to Ira C. Lowe of Greenfield,
Mass., who slaughtered them, and reported on their condi-
tion. He had no knowledge as to which lambs were fed the
flax meal and which lambs were fed the old-process linseed
meal ration. Lamb No. 8 was reported to be of extra
quaility, Lamb No. 5 next in quality to No. 8, and the
others of fair quality only. Looking at the average figures
in the above tables, it will be seen that each lot of five
lambs showed the same daily gain. Mr. Lowe noticed no
particular advantage in favor of either lot.
Results of the Experiment.
As a result of our observations, we conclude : —
That the flax meal had no injurious effect either upon the
growth or dressed appearance of the lambs, and that both
sets of lambs produced the same average daily growth, and
were both in the same average condition when slaughtered.
Remarks and Suggestions.
It is well known to all growers of early lambs, that in
order to secure a rapid growth of the lamb, the ewe should
be thrifty, and a good milker. A liberal feeding will aid in
keeping up a continuous flow of milk. The early growth
of the lamb will depend very much on the constitution it
inherits, and upon its success in obtaining a large supply of
milk. Easily digested nitrogenous feed stuffs will unques-
tionably assist in producing quick growth, but they are
secondary to the milk supply. This is quite forcibly illus-
trated in case of our experiments as described above. Lamb
No. 8 was single, and its mother was an excellent milker.
The lamb was above the average in size and vigor when
dropped. He grew rapidly, showing .83 of a pound gain
per day. It was noticed that this lamb did not consume very
large amounts of grain, although he had a constant oppor-
tunity. He derived the larger part of the food necessary
for his growth from his mother. Lamb No. 5 was also a
single lamb. He made a very good growth, but the ewe
was not as good a milker as the previous one. This lamb
took more grain than did No. 8, but was not able to make as
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rapid growth. The other lambs were twins. They did not
grow as rapidly as did the single lambs, because of the lack
of milk, although they ate quite freely of the grain mixtures.
Lambs Xos. 6 and 7 came from a good milker, and they
were also quite vigorous and hearty eaters.
In addition to inherited constitution and plenty of milk,
it is very essential, in order to secure rapidity of growth,
that early lambs should be housed in a warm, dry barn, and
have a maximum amount of sunlight from a southern ex-
posure.
B. Corn Meal v. Hominy Meal, and Corn Meal v.
Cerealine Feed for Growing Pigs.
Experiment I. — Corn meal v. hominy meal.
Experiment II.— Corn meal v. cerealine feed.
Experiment III. — Corn meal v. cerealine feed.
Objects of the Experiments.
Skim-milk is a very valuable feed for growing pigs. It
is a digestible, nitrogenous feed stuff. Of itself it is not a
complete food, being deficient in solid matter as well as in
carbohydrates (starchy material). In order to make a com-
plete food, carbohydrate feeds are necessary to properly
balance the daily ration. A combination of skim-milk and
corn meal (1 quart milk and from 3 to 6 ounces of meal)
has been found to make a most excellent feed for rapid
growth. The object of the above-mentioned experiments
was to get at the feeding values of hominy meal and cerea-
line feed, when compared with corn meal, for this purpose.
What Hominy Meal is. — Hominy meal consists of the
hulls, germ and some of the starch and gluten of the corn,
ground together. This separation is said to be brought
about solely by the aid of machinery. The hard, flinty
part of the corn is the hominy, which is used as a human
food.
What Cerealine Feed is.— This feed consists also of the
hull and a portion of the starch of the corn. It contains
rather less of the starch than does the hominy meal. It is
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the by-product resulting from the preparation of the break-
fast preparation known as cerealine flakes. It is very coarse
looking, and appears much like unground corn hulls.
fiesulte of Experiments.
1. Hominy meal produced 5 to 7 per cent, more growth,
when fed to pigs in connection with skim-milk, than did corn
meal. This difference was probably due to the dryer condi-
tion of the hominy meal, and nearly disappears when the
meals are compared on a basis of dry matter they contained.
f . In view of the fact that Pig IV. was thrown out of
the experiment, we should hesitate to say that the hominy
meal had proved itself in any degree superior to the corn
meal. This experiment would seem to indicate, however,
that pound for pound, as found in the market, the hominy
meal is at least fully as valuable as the corn meal.
3. In the two experiments with cerealine feed and corn
meal, the corn meal produced 5 per cent, more growth than
did the cerealine feed. Corn meal constituted but 62 per
cent, of the dry matter of the ration ; and, if 62 per cent,
of dry matter of the ration in the form of corn meal pro-
duced a gain of 5 per cent.. 100 per cent, of corn meal—
f. its fell effect— would show an 8 per cent. gain.
4. We think we are justified in saying that corn meal is
from 5 to possibly 10 per cent, more valuable than cerealine
feed for use in connection with skim-milk for growing pigs.
5. Cerealine feed might prove equal to corn meal as a
feed for milch cows, as digestion experiments with sheep
have shown it to contain as much digestible matter as corn
meal. It is very probable that pigs are not able to digest
the hulls of the corn as well as other animals.
6. Because of the important part played by the individ-
uality of the animal, we are frank to confess that a larger
number of pigs would be desirable in conducting experi-
ments of this kind. We feel confident, however, that these
experiments give a fairly accurate representation of the
comparative values of the several feed stuffs.
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Experiment I. —Com 3/^/ r. Hominy Meal.
Nov. 23. 1896, to Man:h L 1897 96 Day* — Eight
grade Chester White pigs, ill of the same litter, were pur-
chased in October. They were first fed skim-milk alone,
and finally divided into two lots, and corn or hominy meal
added to the skim-milk diet. Pigs Nos. I. and II. were
together in one pen. and so were pi^r- N YTT. and VIII. ;
tke others were in separate pens. Pig IV. was taken sick
daring the experiment, and his record is not considered.
Each pig was allowed from 7 to 10 quarts of skim-milk
daily, and from o to »5 ounces of 2rain for each quart of
milk, the quantity depending on the appetite and sta^e of
growth of the animals. As the plzs advanced in age and
growth, the quantity of grain was increased, thus furnishing
an increased food -upply and an increasing amount of carbo-
hydrates .
Total Feeds Cossuiced.
Cnrn teal Lot.
is Cossi
5"c-jtB2s o? Pi*.
'^txarts. Pounds.
Dry Cora Meal I
—
5£at£er
r
:
PI* So. V., . *34.W 153. IS 255.44 223.25
Pig 3a. VI. 1^324.94 132.5- 255-41 223.25
P.gs 5os. VTI. and VOX, . 1,756.00 365.74 5:3.5s 446-50
Totals, ....
Averages,
3,533. <K> 3: a 1VK1-W
255-44• ;2 223.25
Hominy Meal Lot.
Sncass of Pis.
Quarts. Pounds.
Dry
Matter
r z :z.z Zi .
- :tr:-T
?::- -
.
Dry
Pigs 5os. I. and n., . 1,758.90 3,354.24 361.15 255.06
Kg So. m.. H3.M 1,924-94 152 235.46
5,775.13
1^9.39
549- 706.*
Averages, >S3." :*3.:: 255.19 35.23
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The above tables show that each lot of pigs consumed
identical amounts of skim-milk, and very nearly equal
amounts of grain. The hominy meal lot ate about 12
pounds more of dry grain per pig, than did the corn meal
lot.
Total Gain is Live Weight.
Corn Meal Lot.
NUMBER OF PlO.
Weight at
Beginning of
Experiment
(Pounds).
Weight at
End of
Experiment
(Pounds).
Total Gain
in
Live Weight
(Pounds).
Daily Gain
tn
Live Weight
(Pounds).
Pig No. V.
Pig No. VI
Pigs Nob. VII. and VIII., .
Averages
54.50
58.25
109.25
184.25
167.00
I 188.50 )
| 185.25 |
129.75
130.25
243.00
1.32
1.33
2.48
222.00
55.50
725.00
181.25
503.00
125.75
5.13
1.28
Hominy Meal Lot.
Pigs Nob. I. and II., .
Pig No. Ill
115.50
57.75
387.25
196.00
271.75
138.25
2.77
1.41
173.25
57.75
583.25
194.42
410.00
136.66
4.18
1.39
One notes a very slight difference in favor of the hominy
fed lot, this being caused perhaps by the slightly increased
amount of actual dry matter found in the hominy meal.
By referring to the table, it will be noticed that each
pig received 223.25 pounds of perfectly dry corn meal and
235.23 pounds of perfectly dry hominy meal.
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Total Gain in Dressed Weight.
Corn Meal Lot.
Number of Pig.
Dressed
Weight at
Eiua OI
Experiment
(Pounds).
Computed
Dressed Weight
at Beginning
of Experiment
(Pounds).
Total Gain in
Dressed Weight
(Pounds).
Loss in Weight
in Dressing
(Pounds).
Pig No. V
Pig No. VI
Piga Nob. VII. and VIII.,
Totals
Averages,
150.50
154.25
287.25
44.52
47.67
89.09
105.98
106.58
198.16
18.31
18.17
18.45
592.00
148.00
181.28
45.32
410.72
102.68
54.83
18.28
Hominy Meal Lot.
Pigs Nos. 1. and II., .
Pig No. Ill
Totals
Averages,
306.00
152.00
91.25
44.79
214.75
107.21
20.89
22.45
458.00
152.66
136.04
45.35
321.96
107.32
43.34
21.67
Dry Matter required to produce One Pound of Live and
Dressed Weight.
Corn Meal Lot.
Number of Pig. Live Weight ! Dressed Weight(Pounds),
j
(Pounds).
Pig No. V 3.13
3.12
3.34
3.S4
3.81
4.09
3.20 3.91
Hominy Meal Lot.
Pigs Nos. 1. and 11 3.08
3.03
3.89
3.90
3.06 3.89
The very slight difference between the gains in the two
lots is within the limit of error.
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Experiment II. — Corn Meal v. Cerealine Feed.
April 12 to July 26, 1897 (106 Days). — The six pigs
used in this experiment were grade Chester Whites, about
five weeks old when purchased, March 2. They were
brought into separate pens April 1, and the experiment
began April 12. Each pig was fed 6 to 9 quarts of skini-
milk daily, together with 3 ounces of grain for each quart
of milk. The amount of grain was gradually increased as
the animal demanded it, until some 4 pounds daily were
fed. The milk never exceeded !> quarts per day.
At the beginning of the experiment the animals were
receiving 1 part protein to 3 parts carbohydrates. The
ration was gradually widened, until towards the close of
the experiment tin 1 nutritive ratio was as 1 to 7. The corn
meal heated during the latter part of the experiment, and
became somewhat musty.
Total Feeds Consumed.
Corn Meal Lot.
Number of Pig.
Skim-milk Consumed. Grain Consumed.
Quarts. Pounds.
Dry
Matter
(Pounds).
Corn Meal
(Pounds).
Dry
Matter
(Pounds).
Pig No. I
Pig No. II.
Pig No. III,.
Totals
Averages, . . .
738.00
738.00
738.00
1,608.84
1,608.84
1,608.84
152.84
152.84
152.84
243.63
243.63
243.63
204.98
204.98
204.98
2,214.00
738.00
4,826.52
1,608.84
458.52
152.84
730.89
243.63
614.94
204.98
Cerealine Feed Lot.
Skim-milk Consumed. Grain Consumed.
Number ok Pis.
Quarts. Pounds.
Dry
Matter
(Pounds).
Cerealine
Feed
(Pounds).
Dry
Matter
(Pounds).
Pig No. IV 738.00 1,608.84 152.84 243.63 214.39
Pig No. V 738.00 1,608.84 152.84 243.63 214.39
Pig No. VI 738.00 1,608.84 152.84 243.63 214.39
Totals 2,214.00 4,826.52 458.52 730.89 643.17
Averages, 738.00 1,608.84 152.84 243.63 214.39
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Some 10 pounds more dry cerealine feed were consumed
per pig than corn meal during the experiment, due to the
dryer condition of the cerealine feed when fed.
Total Gain in Live Weight.
Corn Meal Lot.
Number of Pio.
Weight at
Beginning of
Experiment
(Pounds).
Weight at
End of
Experiment
(Pounds).
Total Gain
Live Weight
(Pounds).
Daily Gain
in
Live Weight
(Pounds).
Pig No. I 61.25 188.00 136.74 1.29
Pig No. II 48.50 184.00 135.50 1.28
Pig No. III. 43.25 184.25 141.00 1.33
Totals, 143.00 556.25 413.25 3.90
Averages, .... 47.67 185.42 137.75 1.30
Cerealine Feed Lot.
Pig No. IV 44.00 175.50 131.50 1.24
Pig No. V., 41.00 170.50 129.50 1.22
Pig No. VI. 49.25 186.00 136.75 1.29
Totals 134.25 532.00 397.75 3.75
Averages 44.75 177.33 132.58 1.25
A slight gain in favor of the corn meal lot is noted.
Dry Matter required to produce One Pound of Live and
Dressed Weight.
Cor?i Meal Lot.
Number of Pig. Live Weight(Pounds).
Dressed Weight
(Pounds).
Pig No. II., .
2.62
2.64
2.54
3.28
3.30
3.17
2.66 3.25
Cerealine Feed Lot.
2.79
2.84
2.69
3.49
3.54
3.37
2.77 3.46
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The above figures show a slight difference in favor of the
corn meal, rather less dry matter in corn meal being required
to make a pound of growth than in cerealine feed.
Experiment III.— Corn Meal v. Cerealine Feed,
Oct. 25 to Jan. 10, 1898 ( 78 Bays).— The six pigs
employed in this experiment were :i cross between the
Poland-China and the Chester White They were received
early in September, when five weeks old, and allowed the
run of a large pen out of doors until October 20, when they
were placed in separate pens in the feeding barn, and divided
as equally as possible into two lots. They were in a very
vigorous condition. In this experiment the cerealine feed
heated towards the close of the experiment. It was shovelled
over and dried at once when this condition was observed,
and the experiment continued. The pigs ate it with seem-
ing relish at all times.
Total Feeds Consumed.
Cor71 Meal Lot.
Number or Pio.
Skim-milk Consumed. Grain Consumed.
Quarts. Pounds.
Dry
Matter
(Pounds).
Corn Meal
(Pounds).
Dry
Matter
(Pounds).
Tig No. IV
Pig No. V
Pig No. VI., . . ..
Totals
Averages,
468.00
468.00
468.00
1,020.24
1,020.24
1,020.24
96.92
96.92
96.92
226.50
226.50
228.50
197.06
197.06
197.06
1,404.00
468.00
8,060.72
1,020.24
290.76
96.92
679.50
226.50
591.18
197.06
Cerealine Feed Lot.
Skim-milk Consumed. Grain Consumed.
Number or Pio.
Quarts. Pounds.
Dry
Matter
(Pounds).
Cerealine
Feed
(Pounds).
Dry
Matter
(Pounds).
Pig No. I 468.00 1,020.24 96.92 226.50 201.59
Pig No. II., 468.00 1,020.24 96.92 222.50 198.03
Pig No. Ill 468.00 1,020.24 96.92 226.50 201.59
Averages, . . 468.00 1,020.24 96.92 225.20 200.40
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The amount of feed consumed by the two lots is practi-
cally identical.
Total Gain in Live Weight.
Corn Meal Lot.
Number op Piq.
Weight at
Beginning of
Experiment
(Pounds).
Weight at
End of
Experiment
(Pounds).
Total Gain
in
Live Weight
(Pounds).
Daily Gain
in
Live Weight
(Pounds).
Pig No. IV 68.50 172.50 104.00 1.33
Pig No. V., 67.75 172.00 104.25 1.34
Pig No. VI 66.75 173.00 106.25 1.36
Totals 203.00 517.50 314.50 4.03
Averages, .... 67.67 172.50 104.83 lM
Cerealine Feed Lot.
Pig No. I 73.75 169.00 95.25 1.22
Pig No. II 57.25 150.00 92.75 1.19
Pig No. III. 68.75 174.00 105.25 1.35
199.75 593.00 293.25 3.76
Averages, .... 66.58 164.33 97.75 1.25
Each pig in the corn meal lot shows an average gain of 7
pounds over the cerealine feed pigs. This might partly he
accounted for by reason of the poor condition of the cereal-
ine feed, already mentioned.
Dry Matter required to produce One Pound Live and
Dressed Weight.
Corn Meal Lot.
Number op Pig. Live Weight(Pounds).
Dreosed Weight
(Pounds).
2.83
2.82
2.77
3.53
3.52
3.42
2.81 3.49
Cerealine Feed Lot.
3.13
3.18
2.84
3.91
3.98
3.55
3.05 3.81
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The dry matter required to produce a pound of gain con-
firms the results given in the tables under gain in live
weight, and shows that in this experiment a pound of live
weight was produced by J of a pound less of absolutely dry
corn meal than of dry cerealine feed. The conclusions from
these three experiments have already been given on page 28.
Composition of Feeds (used in Three Feeding Experiments) .
H2 Experiment I. Experiment EL Experiment III.
Separate
Ingredients or
Feeds.
Average
8k
1
milk,
All
Kxp<
menta
(perCei
Corn
Meal
(per
Cent.).
Uomlny
Meal
(per
Cent.).
Corn
Meal,
I.
(per
Cent.).
Corn
Meal,
II.
(per
Cent
).
Cerealine
Feed
(per
Cent.).
Corn
Meal
(per
Cent.).
Ceroaline
Feed
(per
Cent.).
Water, 90.50 12.63 7.82 20.00 14.00 12.00 13.00 11.00
Protein, 8.78 10.59 8.86 9.03 9.55 9.64 10.96
Fat, . 4.08 8.50 2.18 2.15 6.60 3.59 6.30
Extract matter, . 71.73 65.46 65.80 71.68 65.23 70.80 64.55
Fibre, . 1.42 4.11 1.82 1.81 4.40 1.70 4.36
Ash, . 1.36 3.52 1.34 1.33 2.22 1.27 2.83
Totals, . 100.00 100.00 100.00 100.00 100.00 100.00 100.00
C. The Cost of Poiik Production.
In a section of our State the cream from the milk pro-
duced upon the farm is sold to the creamery, and the skim-
milk is either fed to pigs or calves. A large number of
experiments have been made at this station with growing
pigs. The pigs averaged from 37 pounds in weight at the
beginning of the experiments to 183 pounds when slaugh-
tered. The daily rations have been essentially as follows :—
I. From 5 to 7 quarts of milk per day ; and, beginning
with 3 ounces of corn meal to each quart of milk, the grain
has been gradually increased to satisfy the appetite of the
animal.
II. About the same quantity of milk, and, instead of the
corn meal, other carbohydrate foods, such as ground rye,
wheat, hominy meal, cerealine feed and oat feed, to satisfy
appetites.
III. About the same quantity of milk, together with 3
to ounces of corn meal to each quart of milk, and a
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mixture of one-third wheat bran, one-third gluten meal
and one-third corn meal, to satisfy appetites.
More exact statements of rations will be found farther on.
We rarely had more than from 5 to 7 quarts of milk daily
for each pig. The animals did well with this amount of
milk ; if they did not secure this quantity, their growth was
noticeably slower.
Explanation of Tables.
As a result of these various experiments, we have en-
deavored to ascertain : —
1. The price that skim-milk has returned per quart.
2. The cost of feed required to produce a pound of live
or dressed weight, taking the various grains at a reasonable
range of market prices, and allowing either \ or J cent per
quart for the milk.
In tables I., II. and III. will be found the results where
milk and corn meal have been fed.
Tables IV., V. and VI. will show the results where milk
and other starchy (carbohydrate) feeds have been substi-
tuted for the corn meal, such as hominy or cerealine feeds,
rye and wheat meals (" grain ")
.
Tables VII., VIII. and IX. show the results where milk
and corn meal were fed, and, in addition, wheat bran, gluten
meal, etc. (" other grains ").
Tables X. and XI. show the average of all the preceding,
being the results with 140 pigs, weighing 37 pounds at the
beginning, and 183 pounds at the close of the experiments.
Table I. — Milk and Corn Meal.
Feeds Consumed, etc. Quarts. Pounds.
Total milk consumed by 21 pigs, 16,421 35,797.78
5,531.10
3,012.25
2,400.80
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Table II.— Price obtained for Skim-milk.
With Corn Meal
AT $15 PER
Tos, and Dressed
Pork at —
With Corn Meal
AT $17.60 PER
Ton, and Dressed
Pork at—
With Corn Meal
AT $20 PER
Ton, and Dressed
Pork at—
Prick returned
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Per quart (oenta), .48 .63 .44 .68 .73 M .54
Per 100 pounde (eenta), 22.02 28.90 35.37 20.19 26.61 33.48 17.89 14.77 11.19
Table III.— Cost of Feed per Pound of Growth produced.
Live Weight
(Cent*).
Dreased Weight
(Cenu).
With corn meal at $15 per ton, and milk at } cent per quart. 2.74 3.44
With corn meal at $15 per ton, and milk at [ cent per quart. 4.11 5.13
With corn meal at $17.50 per ton, and milk at } cent per quart, 2.98 3.71
With corn meal at $17.50 per too, and milk at { cent per quart, 4.33 1.41
With corn meal at $20 per ton, and milk at \ cent per quart, 3.21 4.02
With corn meal at $20 per ton, and milk at \ cent per quart, 4.59 5.71
Table IV. — Milk and Different Starchy Feeds.
Feeds Consumed, etc. Quarts. Pound*.
28,630
5,135
2,597
- 2,078
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Table V. — Price obtained for Skim-milk.
With " Grain " at
$15 PER
Ton, and Dressed
Pork at—
With * Grain " at
$17.50 per
, Ton, and Dressed
^ Pork at —
With "Grain" at
$20 PER
Ton, and Dressed
Pork at —
Prick returned
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Per quart (cents), .50 .65 .81 .45 .60 .76 .40 .56 .87
Per 100 pounds (cents), 22.90 30.10 37.10 20.80 27. SO 35.10 18.35 25.89 39.01
Table VI.— Cost of Feed per Pound of Growth produced.
Live Weight Dressed Weight
(Cents). I (Cents).
With " grain" at $15 per ton, and skim-milk at \ cent per
quart, 2.75 3.43
With " grain " at $15 per ton, and skim-milk at '• cent per
quart 4.01 5.01
With M grain " at $17.50 per ton, and skim-milk at \ cent per
quart, 3.00 3.75
With " grain " at $17.50 per ton, and skim-milk at i cent per
quart 4.S6 5.32
With " grain " at $20 per ton, and skim-milk at \ cent per
quart, 3.24 4.05
With " grain " at $20 per ton, and skim-milk at i cent per
quart, 4.61 5.63
Table VII.— Milk, Corn Meal, Bran, Gluten Meal, etc.
Feeds Consumed, etc. Quarts. Pounds.
62,319 135.S55
Total corn meal consumed hy 97 pigs 21,602
12,663
15,080
12,064
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Table VIII. — Price obtained for Skim-milk.
Price obtained
With Corn Meal
at $15 per Ton,
"Other Grains " at
$17.50 per f
Ton, and Dressed
Pork at—
With Corn Meal at
1 $17.50 per Ton,
"Other Grains" at
$20 PER
Ton, and Dressed
Pork at—
With Corn Meal
at $2o per Ton,
"Other Grains" at
$22.50 PER
Ton, and Dressed
Pork at —
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Per quart (cents), .53 .72 .92 .45 .65 .85 .39 .59 .78
Per 100 pounds (cents), 24.30 33.20 42.10 21.20 30.00 39.00 18.00 27.00 36.00
Table IX. — Cost of Feed per Pound of Groivth produced.
Live Weight
(Cents).
Dressed Weight
(Cents)
.
With corn meal at $15 M other grains" at $17.50 and milk at
3.55
With corn meal ai $15 " other grains " at $17.50 and milk at
With corn meal at $17.50 " other grains " at $20 and milk at
4.84
I cent per quart, 3.13 3.90
With corn meal at $17.50 " other grains " at $20 and milk at
5.20
With corn meal at $20 " other grains " at $22.50 and milk at
| cent per quart 3.41 4.26
With corn meal at $20 " other grains " at $22.50 and milk at
5.55
Table X.— Price obtained for Skim-milk (All Experiments)
.
Average Price
obtained
With Corn Meal
and Other
Starchy Foods at
$15 per Ton,
"Other Grains" at
$17.50 PER
Ton, and Dressed
Pork at—
With Corn Meal
and Other
Starchy Foods at
$17.50 per Ton,
" Other Grains " at
$20 PER
Ton, and Dressed
Pork at—
With Corn Meal
and Other
Starchy Foods at
$20 per Ton,
"Other Grains" at
$22.50 per
Ton, and Dressed
Pork at —
for Skim-milk.
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Per quart (cents), .50 .67 .83 .45 .61 .78 .39 .56 .78
Per 100 pounds (cents), 23.07 30.73 38.19 20.66 28.14 35.86 18.08 25.82 36.70
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Table XL — Average Cost of Feed per Pound of Growth produced.
l.i> e \> ei^nt
^L/euls ) .
Dressed Weight
(Cents).
With corn meal at $15 "other grains" at $17.50, milk at \
1 78 3.47
With corn meal at $15 M other grains " at $17.50, milk at A
4.99
With corn meal at $17.50 " other grains " at $20, milk at \
3.79
With corn meal at $17.50 " other grains " at $20, milk at |
cent per quart, 4.25 5.31
With corn meal at $20 " other grains " at $22 50, milk at \
cent per quart, 3.63 4.53
With corn meal at $20 "other grains" at $22.50, milk at }
5.63
D. Rations for Growing Pigs.
Ration No. I.— With Unlimited Supply of Milk.
Weight of Pigs. Rations.
20 to 60 pounds, .
60 to 100 pounds, .
100 to 180 pounds, .
3 ounces of corn meal * to each quart of milk.
6,ounces of corn meal to each quart of milk.
8 ounces of corn meal to each quart of milk.
Ration No. II. — With Limited Supply of Milk (5 to 6 quarts per
Pig daily).
Weight of Pig9. Rations.
20 to 60 pounds,
.
60 to 100 pounds, .
100 to 180 pounds, .
1
! 3 ounces of corn meal* to each quart of milk, and then gradually in-
[ crease corn meal to satisfy appetites.
* Wheat, rye or hominy meals can be substituted for corn meal.
Ration No. III.
Weight of Pigs. Rations.
20 to 60 pounds, .
60 to 100 pounds, .
100 to 180 pounds, .
Milk at disposal, plus mixture of one-third corn meal, one-third wheat
bran and one-third gluten meal, to satisfy appetites.
Milk at disposal, plus mixture of one-half corn meal, one-quarter wheat
bran and one-quarter gluten meal, to satisfy appetites.
Milk at disposal, plus mixture of two-thirds corn meal, one-sixth
wheat bran and one-sixth gluten meal, to satisfy appetites.
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Ration No. IV.*
Weight of Pigb. Rations.
20 to 60 pounds, .
60 to 100 pounds, .
100 to 180 pounds, .
3 ounces of corn meal to each quart of milk, and 4 ounces of gluten
feed as a substitute for quart of milk.
Milk at disposal, and mixture of one-half corn meal and one-hulf gluten
feed, to satisfy appetites.
Milk at disposal, and mixture of two-thirds corn meal and one-third
gluten feed, to satisfy appetites.
* This ration is preferable to Ration No. II.
E. Experiments with Salt Hay.
The extensive series of experiments carried on to ascer-
tain the nutritive value of different kinds of salt hay were
completed and the experiments and results published in
Bulletin No. 50, in January, 1898, to which the reader
is referred for all details.
F. Experiments to ascertain the Effect of Dif-
ferent Amounts of Protein upon the Cost and
Quality of Milk.
During the winter of 1897-98 two experiments, with
twelve cows, were carried out, to investigate the effect
of 1.50, 2 and 2.50 pounds of protein upon the cost and
quality of milk. The total amount of digestible nutrients
fed daily was the same in each case. Experiment I. ex-
tended over nine weeks and Experiment II. over four
weeks. This work has not been published. About 5 per
cent, more milk was produced on 2 pounds, and 10 per
cent, more on 2J- pounds, of protein daily, than when the
animals received l 1 pounds each. The quality of the milk
was scarcely changed. The cost of the different rations will
depend upon the cost of the several concentrated feeds. As
the market has been for the past two years, milk produced
by aid of the rations containing 2^- pounds of protein daily
would cost rather less than that produced by 1^ or 2 pounds.
The manure derived from the highest protein ration would be
10 per cent, more valuable, and the animals generally have
a better appearance than when receiving but 1£ pounds per
day. It is believed that a continuous feeding of 2 or 2^
pounds of protein daily tends, to some extent, to develop
the milk-producing capacity of the cow. Animals that will
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not stand a reasonably generous feeding had better be con-
signed to the butcher. The writer is of the opinion that
animals weighing from 800 to 1,000 pounds, producing from
10 to 15 quarts of milk per day, should receive about '1.')
pounds of digestible protein and 15 to 1G pounds of total
nutrients daily. This is in accordance with Wolff's rations.
When protein is costly, it might be advisable to reduce the
amount to 2 pounds daily. The detailed records of these
and other experiments along this line will be published later.
G. Digestion Experiments.
During the past three years there have been made about
forty successful digestion experiments, mostly with the va-
rious concentrated feeds, to ascertain their value for feeding
purposes. The details of the experiments have not been pub-
lished. Some of the results (digestion coefficients) have been
published in Bulletin No. 50, and in the annual reports for
1896 (page 135) and 1897 (page 84) ; others follow below.
The results have been utilized in showing the nutritive value
of a number of coarse fodders, and in preparing a key to the
comparative values of concentrated feeds, as given in Bulletin
No. 56 (page 23). It is hoped to publish the details of the
experiments before long.
Digestion Coefficients resulting from Digestion Experiments.
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Hay (largely Poa pratensis) , . 1 6 62 61 50 63 65 46
Hay (largely Poa pratensis) , . 1 4 60 58 53 61 60 50
Average, both samples,
Hay of mixed grasses (late cut),
2 10 61 60 51 62 63 48
1 2 53 54 39 54 56 26
Hay of mixed grasses (late cut), 1 2 57 55 44 57 59 42
Barn-yard millet hay (late blossom), 1 3 57 64 46 52 a 63
Barn yard millet (green, blossom), . 1 2 74 68 64 76 74 M
Barn-yard millet (green, week later
65 71 611 1 67 72 61
Peas and oats (green, in blossom), . 1 3 70 70 57 76 68 49
Vetch and oats (green, in blossom), . 1 3 67 75 47 68
82
68
80
53
Corn ensilage (Pride of the North), . 1 2 74 45 77 26
1 1 89 53 94 94
1 3 90 80 81 95 82
1 3 91 85 88 95
1 3 82 81 89 67 43
Victor corn and oat feed, . 1 3 75 71 87 83
70
48
H. O. dairy feed 1 2 65 78 85 41
1 1 70 74 84 79 35
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REPORT OF THE AGRICULTURIST.
WM. P. BROOKS
;
ASSISTANT, EL M. THOMSON.
Soil Tests.
During the past season four soil tests upon the co-opera-
tive plan agreed upon in Washington in 1889 have been
carried out. Two of these were upon our own grounds, —
one with corn and the other with onions as the crop ; one
in Norwell, Plymouth County, with oats: and one in
Montague, Franklin County, also with oats.
1. Soil Test icith Corn. Amherst.
The past is the tenth season that the experiment on this
field has been in progress. The crops in order of rotation
have been corn, corn, oats, grass and clover, grass and
clover, corn followed by mustard as a catch crop, rye, soy
beans, white mustard, and this year corn once more. Dur-
ing all this time four of the fourteen plots into which the
field is divided have received neither manure nor fertilizer
;
three have received but a single important manurial element,
— every year the same ; three have received each year two
important elements ; one has received all three yearly ; and
one each has received yearly lime, plaster and farm-yard
manure. It will be seen that the greater part of the field
has remained either entirely unmanured or has had but a
partial manuring, and it will be readily understood that the
degree of exhaustion of most of the plots is considerable.
The nothing plots produce this year an average of about
twelve bushels of shelled corn per acre ; and even this figure
is somewhat too high, owing to the fact that after this long
period one of the nothing plots which adjoins the plot which
has been yearly manured at the rate of five cords per acre
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begins to feel the effect of the high fertility of its neighbor,
although separated from it by a strip three and one-half feel
wide.
The single-element plots, one receiving nitrate of soda
only yearly, another phosphoric acid and the third potash,
give this year practically equal crops of grain, respectively
at the rate of 20.6, 18.5 and 19.8 bushels per acre. The
nitrate of soda and dissolved bone-black give a crop at the
rate of 32 bushels per acre, while nitrate of soda and potash
give at the rate of but 10.9 bushels. The dissolved bone-
black and muriate of potash do much better, yielding at the
rate of 41.2 bushels. The fertilizer supplying nitrogen,
phosphoric acid and potash gives a crop of 55.9 bushels,
while manure gives 67.7 bushels.
It may be remembered that in each of the three previous
years in which this field has produced corn the muriate of
potash has, whether singly or in any combination, proved
much more useful than either of the other fertilizers used.
There is much evidence in the behavior of the crops this
year, during the growing season and in the results, that this
salt is proving injurious in its chemical effect upon the soil.
I believe this effect to be a loss of lime in the form of
chloride by leaching, but cannot regard this as yet proven.
I will present the facts apparently bearing upon the ease,
and leave full discussion to a later report.
1. During the early part of the growing season the corn
upon all the plots which had received muriate of potash was
distinctly behind that upon other plots.
2. As the season advanced, the corn upon these plots
gradually lost its sickly appearance, gained upon that in t he-
other plots, eventually excelling, in the ease of the plot re-
ceiving nitrogen, phosphoric acid and potash, that in all
other plots except the manure plot.
3. This unhealthy appearance of the corn early in the
season, followed by great improvement later, is analogous
to effects noticed in other experiments,* where chlorides
have been used, and where liming the land has remedied the
faulty condition.
* For example, Plot 6, Field A. See report State Experiment Station for 1896.
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4. On that plot receiving dissolved bone-black as well as
muriate of potash, the crop was in the end a good one. As
is well known, the dissolved bone-black contains a large
amount of sulphate of lime. It is believed that this may
take the place of the lime leached from the soil as a conse-
quence of the use of the muriate of potash, or at least that it
corrects in some way the faulty condition consequent upon
the use of this salt. It may here be pointed out that a
similar corrective influence is evident in the results obtained
both in 1897 and 1898 upon our other home-test acre, which
will immediately be discussed.
It is of interest, further, to point out that the crop this
year upon the lime plot was not quite equal to the average
of the nothing plots, while that of the plaster plot (sulphate
of lime) was about double that of the lime plot. In the
earlier years of this soil test the yield of neither the lime nor
the plaster plot ever exceeded that of the nothings, but for
the past three years the plaster plot has been relatively gain-
ing. The explanation of this difference between the effect
of plaster and lime is not apparent. It will be made the sub-
ject of future study.
Conclusions.
L The yield of the plot which for ten years has received
only phosphoric acid and potash (41.2 bushels per acre)
illustrates in a striking way the comparative independence
of the corn crop of supplied nitrogen upon this soil.
2. The crop raised where nitrogen, phosphoric acid and
potash have been yearly applied (nitrate of soda, dissolved
bone-black and muriate of potash) for ten years shows that
profitable results may be obtained by the use of fertilizers
alone. The yearly cost of the application to this plot has
been from $10 to $12. The crops have not been much in-
ferior to those on the plot to which manure at the. rate of 5
cords per acre has been yearly applied. The two crops this
year are, respectively : for the fertilizer, 55.9 bushels ; for
the manure, 67.7 bushels. The extra 11 bushels of corn
will not cover the added cost of the manure, as compared
with the fertilizer; and in earlier years the differences in
yield have been relatively much smaller than this year.
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3. The problems suggested by the results of the year
must be regarded as the most valuable product of this ex-
periment. These problems are not solved. Their solution
will throw important light upon methods to be employed in
compounding and selecting fertilizers.
2. Soil Test with Onions. Amherst.
This experiment occupied a field which has been employed
in work of this kind for nine years, the several plots hav-
ing been every year manured alike, as described under the
44 Soil test with corn." The crops in the order of rotation
have been : potatoes, corn, soy beans, oats, grass and clover,
grass and clover, cabbages and rutabaga turnips, and pota-
toes. The land was ploughed in the fall of 1897, and sown
with winter rye as a cover crop. The rye was turned in
before it had made much of a spring growth, April 21.
Fertilizers were employed this year in double the usual
quantities; viz., nitrate of soda at the rate of 320 pounds;
dissolved bone-black, 640 pounds ; and muriate of potash,
320 pounds, per acre. These fertilizers are each used upon
one plot singly, in pairs, and upon one plot all three to-
gether.
The seed was sown in the customary manner, but more
thickly, on May 9. Germination was prompt and perfect.
The development of the crop throughout the season was
most suggestive in problems for future solution. At the
start plants upon the four plots, potash alone, potash and
bone-black, potash and nitrate, and potash with both bone-
black and nitrate, were much ahead of those on the plots not
manured with potash. There was every indication that this
element would almost entirely control the crop, for there
was good growth wherever potash was applied, and but
feeble growth elsewhere. The potash plots, however, after
about four weeks, began to lose their superiority : and it
was not long ere many of the plants upon these plots be-
came manifestly very unthrifty, and before the end of the
season many of them had died. Meanwhile, the phosphoric
acid plots began to gain; and the results show that this,
more than either the nitrogen or the potash supply, con-
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trolled the product. The crop was very light, however,
even upon the best plot, which was at the rate of 116.9
bushels per acre, upon the plot receiving nitrate of soda and
dissolved bone-black. Upon the plots receiving these two
fertilizers and muriate of potash the crop amounted to only
16.3 bushels per acre. Here is strong evidence thai the
muriate of potash has produced in the soil of this Held con-
ditions absolutely prejudicial to the growth of the onion.
Last year this held was in potatoes under the same sys-
tem of manuring, but with half the quantities employed this
year. The crop of potatoes on the nitrate and bone-black
was much heavier than on these two and potash, and in com-
menting upon this fact in my annual report I wrote: " The
apparent superiority of the phosphoric acid and nitrogen is
chiefly due to the fact that the plot to which these two ele-
ments alone were applied was for some reason (nut believed
to be the effect of the fertilizer alone) nearly twice as great
as that upon any other plot. Had the crop where the pot-
ash was added to the nitrogen and phosphoric acid been
better or even as good as that where the phosphoric acid and
nitrogen alone were used, we should be justified in the con-
clusion that nitrogen and phosphoric acid are the elements
chiefly required. The crop where all three elements were
combined was, however, much inferior to that where the
nitrogen and phosphoric acid were used without potash.
We must, therefore, conclude that some disturbing factor,
at present unknown, influenced the results."
In view of the similar relative results upon the two plots
under discussion this year, I am now forced to conclude
that I was mistaken last year in supposing that the superi-
ority of the plot receiving nitrogen and phosphoric acid
only was not " the effect of the fertilizer alone."
I now believe that the muriate of potash has proved
actually injurious to the last two crops, and that the expla-
nation (the loss of lime which it causes) already suggested
accounts for this effect.
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The Proper Course as regards Potash Supply.
What, then, in view of such results, are we to recom-
mend? Clearly not to cease using potash, — we have been
unable to raise good crops without it. It is believed the
remedy will be found in one of three directions; viz., (1)
the occasional liberal use of lime where muriate of potash is
employed; (2) the use of other potash salts, such as car-
bonate or sulphate; or (3) the employment of wood ashes
as a source of potash. Should potash be supplied in the
form of either carbonate or sulphate, lime leaches from the
soil much less rapidly ; the same is true of ashes, and these,
moreover, supply much lime. This entire question, how-
ever, demands further experimental study, and I am not at
present prepared to give definite advice upon this point.
Again, in conclusion it may be said the most profitable
results of the year's work are the suggestions for future lines
of work, which, being completed, must throw much needed
light upon the problems connected with the use of fertilizers.
3. Soil Test with Oats. JSTorweU.
The past was the third season of soil test work upon this
acre, the two preceding crops having both been corn. The
results with both of the tests with corn have indicated a
strong demand for potash by corn on this soil. These
results were thus in entire agreement with those obtained
in almost all of the large number of soil tests with this crop
that during the past ten years have been carried out under
my direction in all the counties of the State.
The results the past season with oats seem also to be in
general accord with results previously obtained in other
sections with this crop. This is not shown clearly by the
figures giving the yields, for the reason that excessive rain-
flooded parts of the field which is nearly flat soon after the
seed was sown, rendering germination poor and uneven.
From examination during the growing season I feel certain
that in this experiment it was the nitrate of soda which mos1
largely benefited the crop. The crop on dissolved bone-
black was at the rate of 9.7 bushels per acre; on dissolved
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bone-black and nitrate of soda it was 13 bushels. On
muriate of potash the crop was 10 bushels ; on the muriate
and nitrate of soda it was 13.6 bushels. On the bone-black
and muriate of potash the crop was at the rate of 9.8 bushels
per acre ; on these two fertilizers and nitrate of soda it was
17.8 bushels. The soil is clearly in need also of both phos-
phoric acid and potash for good crops, although the figures
of this year afford no certain index to its condition, owing
to the damage by water above mentioned.
4. Soil Test with Oafs. Montague.
The present is also the third season of soil test work
upon this soil, the preceding crops having been corn, which,
owing to accidental conditions, did not give decisive results.
The experiment of the past season is eminently satisfactory.
The five nothing plots have given fairly even crops, varying
from 18.8 to 24.4 bushels per acre of grain, averaging 21.5
bushels ; while the straw yield has varied on these plots from
1,470 to 1,830 pounds, averaging 1,554 pounds, per acre.
The crop on nitrate of soda alone was 30.3 bushels of grain
and 2,210 pounds of straw; on dissolved bone-black, 24.4
bushels and 1,550 pounds; on muriate of potash, 21.3
bushels and 1,470 pounds. This marked increase on the
nitrate of soda, as compared with the almost complete ab-
sence of effect of the other fertilizers used alone, is striking.
The dissolved bone-black and muriate of potash together
gave 23.8 bushels of grain and 1,810 pounds of straw.
Again we see practically no effect ; but when we use ni-
trate of soda with these two fertilizers, we have a crop of
31.3 bushels of grain and 2,710 pounds of straw. Nitrate
of soda with muriate of potash gives 30.3 bushels and 2,350
pounds, and with dissolved bone-black it gives 31.3 bushels
and 2,330 pounds.
It will be seen, then, that in this experiment it was the ni-
trate of soda alone which proved effective. Alone and in all
its combinations it gave a large increase in cropland in all
cases practically the same. The average increase apparently
due to the use of this fertilizer amounted to 8 bushels of
grain and 804 pounds of straw. The average increases ap-
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parently due to the use of dissolved bone-black were 2.1
bushels of grain and 193.4 pounds of straw; those appar-
ently due to the muriate of potash wen; 1 bushel of grain
and 1 75 pounds of straw.
Manure at the rate of 5 cords per acre gave about 806
pounds more straw, but only .7 bushels more grain than
the complete fertilizer, costing some $13 per acre [ess :
and the manure crop did not indeed surpass the crop on
nitrate of soda alone in much greater degree. The latter
application cost $3.20 per acre, while the manure can
scarcely be estimated at less than $25.
This Montague experiment is one of the most perfectly
satisfactory in a long series of such experiments ; and it is
a pleasure to see that its teaching as to the value of nitrate
of soda for the oat crop is so entirely in agreement with
that of other experiments with this crop.
For convenience is appended a statement giving the ar-
rangement of plots and the system of manuring in nearly all
our soil test work, which now extends over ten seasons : —
Plot 1, nothing.
Plot 2, nitrate of soda, 160 pounds per acre.
Plot 3, dissolved bone-black, 320 pounds per acre.
Plot 4, nothing.
Plot 5, muriate of potash, 1G0 pounds per acre.
Plot 6 I
ni*ra*e °f soda, 160 pounds per acre.
'
( dissolved bone-black, 320 pounds per acre.
Plot 7 I
n^ra*e °f s°da, 160 pounds per acre.
'
( muriate of potash, 160 pounds per acre.
Plot 8, nothing.
Plot 9 I
dissolved bone-black, 320 pounds per acre.
' 1 muriate of potash, 160 pounds per acre.
r nitrate of soda, 160 pounds per acre.
Plot 10, } dissolved bone-black, 320 pounds per acre.
(.muriate of potash, 160 pounds per acre.
Plot 11, plaster, 160 pounds per acre.
Plot 12, nothing.
Plot 13, manure, 5 cords per acre.
Plot 14, lime, 160 pounds per acre.
Plot 15, nothing.
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Manure Alone v. Manure and Potash.
An experiment in continued corn culture for the com-
parison of an average application of manure with a smaller
application of manure used in connection with muriate of
potash was begun in 1890. A full account will be found in
the annual reports of 1890-95, and in the latter year a
general summary of the results is given.
The land used in this experiment was seeded with a mix-
ture of timothy, red-top and clover in the standing corn
of 1896. A good stand of grass and clover was secured,
although the latter was rather unevenly developed in different
parts of the field, suggesting a possible lack of thoroughness
in mixing the seeds.
No manure or potash was used in 1897. The field in-
cludes four plots, of one-fourth an acre each. The average
results for 1897 are shown below : —
Plots 1 and 3 (manure alone, 6 cords per acre, 1890-96) : hay,
1,403£ pounds ; rowen, 784 pounds.
Plots 2 and 4 (manure, 3 cords per acre, 1890-92 ; 4 cords,
1893-96; and potash, 160 pounds per acre) : hay, 961J pounds;
rowen, 536J pounds.
This field was continued in grass and clover during the
present season, but manure and potash were applied as
shown below : —
Plot 1, manure, 1 cord; weight, 5,087.5 pounds.
Plot 2 I
manure
> m& cord;, weight, 2,712.5 pounds.
' 1 muriate of potash
;
weight, 40 pounds.
Plot 3, manure, 1 cord; weight, 5,372.5 pounds.
Plot 4 f
mauure
> »^ cora » weight, 2,855 pounds.
9
1 muriate of potash ; weight, 40 pounds.
The manure applied to each plot was sampled and analyzed,
and from the analyses the amounts of the three most essential
elements of plant food applied per acre were calculated, with
results shown below : —
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Manurial Ingredients per Plot.
Plots. Nitrogen(Pound*).
Phosphoric
Acid
(Pound*).
Potash
(Pouuda).
20. y 14.1 26.9
'
\ in muriate of potaah, ....
11.4 6.2 15.2 i v .
19.9 i
3"- 1
22.0 15.0 26.9
15.1 9.7
ari«
The manure was applied on April 1, the muriate of potash
to plots 2 and 4 on April 9.
During the later growth of the mixed grasses and clovers
upon these plots it was plainly evident that the clover was
relatively more prominent upon plots 2 and 4. The first
crop was cut on June 20; the second, on Augusl 26, and
both were secured in excellent condition.
Yield per Plot.
Plots. Hay(Pounds).
Rowen
(PoundB).
1,395 S40
1,120 730
810
1,497 830
Average Yield per Acre.
5,710 3,300
5,235 3,120
Combining the figures showing the yields in hay and
rowen, wre find that the average of plots 1 and 3 is at the
rate of 9,010 pounds per acre ; and of plots 2 and 4, 8,355
pounds. There is, then, a difference of 655 pounds only in
total yields per acre, in favor of the large application of
manure alone. This amount is quite insufficient to cover
the larger cost of the acre application ($G.80 in the case of
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the manure alone). This field has now been broken up,
and will next year be put once more into corn, when it is
believed the beneficial effect of the large growth of clover
upon plots 2 and 4 will become apparent.
"Special" Corn Fertilizer v. Fertilizer Richer in
Potash.
This experiment was begun with a view to comparing the
results obtained with a fertilizer proportioned like the aver-
age "special" corn fertilizers found upon the markets in
1891 with those obtained with a fertilizer richer in potash,
but furnishing less nitrogen and phosphoric acid.
Corn was grown during each of the years from 1891 to
1896 inclusive. From 1891 to 1895 it was found that the
fertilizer richer in potash gave the more profitable results.
In 1896 there was no practical difference. It was decided
during the season of 1896 that it might be possible to derive
a greater benefit from the larger quantity of potash applied
to two of the four plots if grass and clover should be grown
in rotation with the corn. Accordingly the land was seeded
with a mixture of timothy, red-top and clover in the stand-
ing corn in July, 1896. The field is divided into four plots
of one-fourth of an acre each. The materials supplied to the
several plots are shown in the following table : —
Fertilizers. Plots 1 and 8(Pounds Each).
Plots I and 4
(Pounds Each).
20.0 1S.0
30.0 30.0
30.0 20.0
226.0 120.0
22.5 60.0
$3 23 $3 10
In 1897 the average (both hay and rowen) produced by
plots 1 and 3 was 873.5 pounds, or 3,494 pounds per acre
;
on plots 2 and 4, 860.5 pounds, or 3,442 pounds per acre.
This difference is too small to be of practical significance.
The rowen crop was heavier on plots 2 and 4 than on plots
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1 and 3, showing an apparent influence of the greater amount
of potash used on these plots in a larger proportion of clover.
For the present season the fertilizers were applied as last
year, being evenly broadeasted on April 11. The first crop
was cut June 21. It consisted largely of red-top, which
was then not fully in bloom. The second crop was cut
August 2G. Both crops were well secured, and the yields
are shown below : —
Yield of Hay and Rowen, 1S9S.
Plots. Hay Rowen(Pounds)
.
(Pounds).
670 530
585 440
540 365
550 415
Arerage Rates per Acre.
1,790
Plots 2 and 4, . . . . 2,270 1,710
We have then, as will be seen, an average product, from
the application richer in nitrogen and phosphoric acid, at the
rate of 150 pounds of hay and 80 pounds of rowen per acre
more than from the application poorer in these elements and
richer in potash. It is believed that the failure of plots 2
and 4 to show greatly superior development of clover is in
part due to variations in physical characteristics of the soil
of the different plots, leading to unfavorable moisture con-
ditions, which prevented an even catch of clover on plots 2,
3 and 4, but did not injuriously affect Plot 1. Further, it
should be pointed out that results which will be published
later in this report in the case of clover experiments on a
series of plots manured alternately with muriate of potash
and with sulphate of potash indicate that the long-continued
use of muriate of potash in liberal amounts without liming is
unfavorable to the healthy development of clover. 1 his
field has now been broken up, and will be again put into
corn next season.
56 HATCH EXPERIMENT STATION. [Jan.
Leguminous Crops (Clover, Pea and Bean or "Pod"
Family) as Nitrogen Gatherers. (Field A.)
This experiment is a continuation of a scries begun in
1889. The objects in view have been : —
1. To determine the extent to which plants of the clover
family are capable of enriching the soil in nitrogen taken by
them from the air through the agency of the nodular bacteria
found upon their roots.
2. To compare nitrate of soda, sulphate of ammonia,
dried blood ami farm-yard manure as sources of nitrogen.*
The plots, eleven in number, are one-tenth acre each, and
are numbered to 10. Three plots (4, 7 and 9) have re-
ceived no nitrogen-containing manure or fertilizers since
1884; one (0) has received farm-yard manure; two (1 and
2), nitrate of soda; three (5, (>, and 8), sulphate of ammo-
nia ; and two (3 and 10), dried blood every year since
L889. These materials have been used in amounts to fur-
nish nitrogen at the rate of 45 pounds per acre each year.
All the plots have received yearly equal quantities of
phosphoric acid and potash; viz., 80 pounds per acre of
the former and 125 pounds of the latter from 1889 to 1894
and the past two seasons; but in 1894 and 1895, double
these quantities. To some of the plots the potash is ap-
plied in the form of potash-magnesia sulphate ; to others, in
the form of muriate. The results with the former salt have
been superior to those with the latter, as a rule, particularly
Avium used in connection with sulphate of ammonia.
Up to this year we may briefly characterize the results, in
so far as these have a bearing upon the two main questions
proposed, as follows : —
1. The leguminous crops grown (soy beans in 1892,
1894 and 1896) have not appeared to enrich the soil in
nitrogen, if we accept the results with the next following
crop as affording a basis of judgment.
2. The different sources of nitrogen have ranked on the
* Only such details are given here as are necessary to an understanding of the
nature of the experiment. Full particulars will be found in our ninth and tenth
auuual reports.
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average in the following order : nitrate of soda, farm-vard
manure, dried blood and sulphate of ammonia.
After the oat crop of 1897 was harvested the land wa-
ploughed, and late in July sown to Mammoth red clover.
Germination was quick and good; but the young plant- on
all plots failed to nourish, and soon took on a most unhealthv
appearanee on all except the manure plot, and even on thi>
their development was not what could be desired. In April
of this year the plots were most carefully examined, and the
clover ranked as follows: plot 0, good; 1, fair: 2, poorer
than 1
; 3, like 2:4, mostly dead ; 5, all dead ; 6, all dead ;
7, like 2; 8, best in field (limed in 1896) ; 9, like 2; 10,
somewhat better than 2.*
The general average of condition was so poor that it was
decided to plough the field, which was done on April 18.
From previous observations upon this series of plota it
was decided that liming was called for, and accordingly
200 pounds per plot of partially air-slaked lime was spread
on and harrowed in on April 20. Eight hundred pounds
of manure was applied to plot on April 23, and on April
26 the fertilizers were applied.
The plots were all sown to Clydesdale oats on April 27,
8J pounds per plot. The analysis of the manure and a
table showing fertilizer treatment and yields follow ; —
Analysis of Manure Used.
Per Cent.
Moisture, 72.53
Nitrogen , 43
Phosphoric acid 16
Potash, 26
* For manuring of these plots, see page 5S.
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Nitrogen Experiment.— Fertilizer Treatment and Yields of Oats,
1898.
Plots Fertilizers. Pounds.
Weight
of
Oats
(Pounds).
Weight
of
Straw
(rounds).
Bushels
Oats
per Acre.
Weight of
Sttaw
per Acre
(Pounds).
Plot
0,
|
Barn-yarn manure,
Potash-magnesia sulphate, .
Dissolved bone- black. . .
800.0 )
32.0 \
18.0 )
83.0 125 25.90 1,250.0
Plot I,
j
Nitrate of soda, .
Potash-magnesia sulphate,
.
Dissolved bone-black, . .
29.0 )
48.5 S
50.0 )
103.0 150 32.20 1,500.0
Plot
2,
Nitrate of soda, .
Potash-magnesia sulphate,
Dissolved bone-black, . •
29.0)
48.5
50.0 }
115.0 175 35.90 1,750.0
Plot
3,
Dried blood,
Muriate of potash,
Dissolved bone-black, .
43.0)
25.0 [
50.0)
96.0 155 30.00 1,550.0
Plot 4, j
Muriate of potash,
Dissolved bone-black,
25.0 )
50.0 \
56.0 80 17.50 800.0
Plot
5,
Ammonium sulphate, .
Potash-magnesia sulphate,
Dissolved bone-black,
.
22.5)
48.5
\
50.0)
103.0 135 32.20 1,350.0
Plot 6,
j
Ammonium sulphate, .
Muriate of potash,
Dissolved bone-black, .
22.5)
25.0
(50.0 )
109.0 160 34.10 1,600.0
Plot 7,
j
Muriate of potash,
Dissolved bone-black,
25.0 >
50.0 \
72.5 95 22 . 70 950.0
Plot 8,
j
Ammonium sulphate,
Muriate of potash,
Dissolved bone-black,
22.5)
25.0 [
50.0 )
123.0 155 38.40 1,550.0
Plot 9,
j
Muriate of potash,
Dissolved bone-black,
.
25.0 )
50.0
\
76.5 95 23.90 950.0
Plot 10,
j
Dried blood,
Potash-magnesia sulphate,
.
Dissolved bone-black,
43.0)
48.5 f
40.0)
112.0 135 35.00 1,350.0
900.0
Average of muriate of potash plot (as far as comparable),
.
32.05 1,595.0
Average of sulphate plots (as far as comparable), 35.20 1,416.7
It is important to point out that the oats on tin 4 several
plots ripened at different times. An effort was made to
harvest the crop upon all at the same stage of maturity.
With this end in view, plots 1, 2 and 5 wore cut on July 2V
;
plots 6, 8, I* and 10, on July 30; and the balance on
August 2. Meanwhile, there had occurred the phenome-
nally heavy rain and wind of July 30, p.m., and numerous
other heavy showers; moreover, the weather continued per-
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sistently bad much of the time until the middle of August,
and there was much loss through shelling of the grain. The
straw, therefore, perhaps better than the grain, affords an
index to the relative value of the several manurings. The
rank of the different sources of nitrogen, taking straw pro-
duction as the basis of estimation, is nitrate of soda, Bulphate
of ammonia, dried blood and farm-yard manure.
After the oats were harvested the land was ploughed, and
without further manuring sown to Mammoth red clover,
which at the time winter set in was in excellent condition.
The reader will naturally, perhaps, conclude that the
better condition of the clover this year as compared with
last is a consequence of the liming, and I am of opinion that
this may be the case; but nevertheless I cannot regard this
as certain, for the reason that upon Field B (reported upon
below), where clover sown in the summer of 1897 tailed,
we have now an excellent stand of this crop obtained by
sowing seed where it had failed this spring, without liming
or reploughing.
Muriate v. Sulphate of Potash for Clover.
(Field B.)
Field B is laid off in eleven equal plots, of two-fifteenths
of an acre each. The manuring has been uniform since
1884. These plots are numbered from 11 to 21. Every
year each plot has received an application of ground bone at
the rate of 600pounds per acre. The odd-number plots have
yearly received muriate ofpotash and the even-number plots
the high-grade sulphate, in each case at the uniform rate of
400 pounds per acre. This series of plots has produced a
great variety of crops, including potatoes, corn, grasses,
oats and barley each, with vetches, rye and clovers. The
crops have been generally excellent. Full details will he
found in the tenth and twelfth annual reports of the State
Experiment Station, and the reports of the Hatch Experi-
ment Station for the last three years. In the summer of
1895 two plots (one muriate the other sulphate) of each of
the following clovers were sown: sweet clover (MelHot us
alba), mammoth red clover, medium red clover and alsike
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clover. Between the crops produced respectively on the
muriate and sulphate of potash no marked difference in
yield was observed in either 1896 or 1897. It was, how-
ever, noticed in 1896 that the clover raised on the sulphate
of potash was richer in starch and similar extractive sub-
stances, in the case of the mammoth, medium and alsike
clovers, than that raised on the muriate, thus making the
sulphate clover the more valuable.
Bad Effect of the Muriate.
In August of 1897 the plots were ploughed and all again
seeded to the same varieties of clover. Germination was
excellent, but within a very few weeks after the young plants
appeared it was observed that in the case of the mammoth,
medium and alsike varieties the plants were doing very
poorly upon the muriate plots. As the autumn advanced,
these plants for the most part grew more and more feeble,
and many died. The winter was favorable to newly seeded
land ; but in the spring it was found that a large proportion
of the plants upon the muriate plots were dead, in the case
of the varieties above named. The sweet clover showed no
difference between the two fertilizers. The condition of
the clovers upon the sulphate plots was not entirely satis-
factory, although far superior to that upon the muriate.
It was decided to sow additional seed upon all the plots
without reploughing. Accordingly, on April 2, 4 pounds of
seed of the appropriate variety were sown upon each of the
plots. The conditions were favorable to germination, and
a good stand of young clover was obtained upon all the
plots. The sulphate plots gave much the larger yields of
clover this season, because they contained a far larger pro-
portion of the older plants from last summer's sowing. At
the present time, however, the condition of the clover upon
the muriate and sulphate plots is fairly even, for the spring-
sown clover has done equally well upon both the potash
salts.
This record of facts is made without comment, as with-
out further investigation it appears to be impossible to
explain why the summer-sown clover failed on the muri-
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ate, while the spring-sown has flourished upon the .-aim-
plots without reploughing or any change in treatment.
Muriate v. Sulphate of Potash fob Corn. (Field B. |
Two plots in Field B, one muriate and one sulphate, wen
planted to Sibley's Pride of the North corn, with a view to
testing the relative value of these two potash salts for this
crop. It will be remembered that these plots have been
under the same manurial treatment since 1884. The fer-
tilizers were broadcasted after ploughing, and harrowed in,
and the corn was planted on May 30, in drills 3} feet apart.
It was later thinned to 1 foot in the drills. The crop was
cut September 9 and husked the middle of October.
Com on Muriate and on Sulphate of Potash.
Corn
(Pounds).
Stover
(Pounds).
Yield per Acre.
Kunmara per Acre.
Corn
(Bushels).
Stover
(Pounds).
t>w iq t Muriate of potash, 400 pounds,i-ioi iw,
| Ground bonC) ^ pounds,
•p, t „ t Sulphate of potash, 400 pounds,rio\ jn,
j Ground DonCj goo poundS(
| 488.5
1 428.5
866
652
45.5
40.1
6,495
4.S90
The apparent superiority of the crop raised on the muriate
of potash is considerable. During the growth of the crop,
as the result of frequent examinations, no such difference
was evident ; and it is regretted that the moisture test has
not been completed in season for this report, as it is felt
that there may have been a difference in condition of the two
crops when weighed, owing to the very rainy weather of the
autumn.
Sweet Clover (MidUofou trfba |
.
As has been stated under " Muriate v. Sulphate of Potash
for Clovers," sweet clover occupied two of the plots in
Field B. The present is the third successive year that this
clover has been grown upon these plots, and the soil appears
now to have become thoroughly stocked with the nodular
bacteria peculiar to the plant. As reported in 1896, but
few of the plants on these plots in that year possessed
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bacteria, and only those which did made vigorous growth.
The next year, as already reported, about one-half of the
plants apparently possessed nodules and made vigorous
growth early in the season. Later all seemed to acquire
the ability to make use of the atmospheric nitrogen which
these nodular bacteria give. The crop of this season has
been extremely vigorous from the very first. The rapid
growth of this legume in early spring seemed to indicate
its possible value as a cover crop for green manuring ; and
to test this point one square yard (believed to be average)
was harvested at each of three different dates, and a deter-
mination of dry matter and of nitrogen contained therein
was made. The results calculated per acre were : —
Date. Height(Feet).
Dry Matter
(Pounds).
Nitrogen
(Pounds).
1) 3,661.6 136.8
3i 3,961.7 130.2
July 10,
.
« 7,573.0 192.5
The crop was in full bloom at the time the last cutting
was made, but it goes on blooming freely for almost the
entire summer.
Corn for the silo may here be planted up to the middle
of June, with a good prospect of success; and, as will be
seen, previous to that date the sweet clover makes a large
growth and contains a heavy amount of nitrogen. The
amount of this element at the date of the second cutting is
equivalent to that contained in about 6 cords of rich manure.
To what extent, however, this nitrogen has been taken
from the soil, and to what extent from the air, our experi-
ments afford us no means for determining. Kiihn has
pointed out that the acquisition of atmospheric nitrogen by
plants of the clover family takes place most abundantly in
the later stages of their growth; and that, if they be
ploughed under immature, we can hope for but little gain
in that element. Our experiment, then, is not conclusive,
as yet, as to the value of this clover as a green manuring
crop. Since, however, being sown in the latter part of July
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or early in August, it will afford winter protection t<> the
soil and furnish a. largo growth before late corn planting
time, it seems worthy of further trial.
Valuefor Bees.
As is known to many, this clover furnishes an abundant
and long-continued supply of honey. For many weeks the
plants in our plots were daily visited by countless myriad
bees, and the rate of honey production of those kept near
by was very rapid, The honey is of good quality.
High-priced Seed an Obstacle to the Use of Sweet Clover,
The high price at which the seed of this clover is at pres-
ent offered in our markets constitutes a great obstacle to its
use as a green manuring crop. Recognizing this fact, and
wishing to determine whether the seed might not be more
cheaply offered, our crop of this year was allowed to mature.
The sulphate of potash plot (two-fifteenths acre) gave a
product of 43.5 pounds and the muriate plot 46.5 pounds
of rather poorly cleaned seed. It is true that the season
was unfavorable to the ripening of the seed ; but the indica-
tion of this single experiment is that the species can not be
counted upon for a liberal seed product, and that, therefore,
the seed must remain high in price.
Nitragin, A Germ Fertilizer.
In connection with my report upon sweet clover, it has
been shown that in the early attempts to cultivate this crop
but partial success was obtained, because the germs of the
appropriate nodular bacteria (microscopic plants, which,
growing in nodules upon the roots, give the power of assim-
ilating the free nitrogen of the air) were not present in
sufficient numbers. It is there pointed out that, after three
years' culture of the sweet clover upon the same plots, these
bacteria so multiplied in the soil that complete success with
the clover followed. Similar results in the first attempts to
cultivate plants of the " pod" family (LeguminoscB) in local-
ities where they had not been before grown have many times
been observed; and many times, also, has ultimate success
crowned the effort to produce the new plant, and for the
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reason above alluded to. The attainment of success in this
manner, however, requires some few years ; and time is
precious. Recognizing this fact, an attempt to propagate
the bacteria connected with nitrogen assimilation artificially
and to put them upon the market was some few years ago
made by Professor Nobbe of Tharandt, Germany. The
effort was successful, and the product, under the name Nitra-
gin, has been offered for the past few years by a German
firm with which Professor Nobbe completed arrangements for
its production and sale. Full particulars concerning Nitra-
gin, and directions for its use, will be found in our eleventh
annual report. The unsuccessful results of its trial upon
clover in 1897 are published in our last annual report.
The scientific standing of Professor Nobbe is such and the
general importance of the subject so great that further trials
and with other plants seemed desirable. Accordingly, nitra-
gin for the following species was ordered direct from the
makers : crimson clover, red clover, alfalfa, sweet clover,
soy bean, vetch and pea.
The experiments are not yet complete, but are being
carried out upon poor plain land hired for the purpose,
where most of these crops have never been cultivated, as
well as upon our own grounds. The plan of the experiment
upon the plain land is shown below.
Plan of Nitragin Experiments.
The plots are one-twentieth of an acre each, duly sepa-
rated by dividing strips. The treatment of the several plots
for each crop will be clear from the table : —
Plot 1, no fertilizers. No nitragin.
Plot 2, no fertilizers. Nitragin.
f acid phosphate, 400 pounds per acre, a
Plot 3, \ muriate of potash, 250 pounds per acre. \ No nitragin.
I lime, 1,000 pounds per acre, J
Plot 4, manurial treatment, like Plot 3. Nitragin.
Plot 5, same manures as 3, and, in addition, 180 pounds per acre
of nitrate of soda. No nitragin.
The plan upon the home grounds is similar, with two ex-
ceptions : (1) The plots are smaller, and (2) there are no
plots left unfertilized.
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The crops started in the spring upon the " plain n include
field peas, alfalfa, alsike clover and common red clover,
The peas were harvested early in August. The yields of
the several plots were very small, and showed no favorable
influence from the nitragin. Of all the other crops, it can
be reported to-day that the general condition is poor; that
the best condition is to be found in every case upon Plot 5
(supplied with available fertilizer nitrogen), and that the
crop upon mineral fertilizers with nitragin (4) appears
somewhat better than the corresponding plot (3) without
nitragin. Between plots 1 and 2 there appears to be no
appreciable difference.
Upon our home grounds the field pea with nitragin gave
a slightly better crop on mineral fertilizers alone than on
mineral fertilizers without nitragin. Alfalfa upon mineral
fertilizers and nitragin now looks better than on the same
fertilizers without nitragin. It will be seen, then, that thus
far the experiments of this season afford indications that
some slight benefit has followed the use of this germ fer-
tilizer.* Of the crops sown in late summer it is as yet too
early to report.
Fertilizers for Garden Crops.
This series of experiments, begun in 1891, was originally
intended to test the value for the different garden crops of
nitrate of soda, sulphate of ammonia and dried blood as
sources of nitrogen ; but in the second year it was made
to include also a comparison of muriate with sulphate of
potash, each used with each of the three nitrogen fertilizers,
for the same class of crops. Dissolved bone-black has been
applied equally to all the plots from the first. The Dumber
of plots and the fertilizers annually applied to each up to
the present year are shown in the following table : —
* It may be useful, though this fact has already many times been pointed <>ut, to
remark here that a third, and often very satisfactory, method of securing a stock
of nodular bacteria consists in taking earth from soil where the crop under trial
flourishes, and incorporating a little, as one might fertilizer, with the soil where
the new crop is to be grown. This method is now under trial here with alfalfa
with soil from Kansas.
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Annual Supply of Manurial Substances (Pounds).
s Sulphate of ammonia,
. . . .38
Plot 1, . . ) Muriate of potash, 30
(. Dissolved bone-black,
. . . .40
s Nitrate of soda, 47
Plot 2, . . } Muriate of potash, 30
C Dissolved bone-black, . . . .40
/• Dried blood, 75
Plot 3, . . < Muriate of potash, 30
(.Dissolved bone-black, . . . .40
s Sulphate of ammonia, . . . .38
Plot 4, . . ) Sulphate of potash, 30
C Dissolved bone-black, ... . .40
r Nitrate of soda, 47
Plot 5, . . ) Sulphate of potash, 30
(.Dissolved bone-black, . .40
r Dried blood, 75
Plot 6, . . ) Sulphate of potash, 30
C Dissolved bone-black, . . .40
The area of the plots is about one-eighth of an acre each.
The fertilizers used supply, at the rates per acre: phos-
phoric acid, 50.4 pounds; nitrogen, 60 pounds; potash,
120 pounds.
The management of the experiment and results and con-
clusions are presented in great detail in our eighth, ninth
and tenth annual reports, and to these the student of these
experiments is referred. It suffices for our present purpose
to call attention to the general results up to the end of the
year 1897, which are shown below: —
Averages of Garden Crops, 1892 to 1897, inclusive.
Plot8.
Spinach,
grown
Three
Years
(Pounds).
Lettuce,
grown
Three
Years
(PoundB).
Tomatoes,
grown
Four
Years
(Pounds).
Beans,
grown
Three
Years
(Pounds).
Onions,
grown
Two
Years
(Pounds).
Sweet
Corn,
grown
Two
Y
ears
(Pounds).
Green
Peas,
grown
One
Year
(Pounds).
Table
Beets,
grown
Two
Years
(Pounds).
Plot 1 153 37 482 43 Ill 144 177 255
Plot 2 210 43 707 49 326 179 203 479
Plot 3 182 42 677 50 259 160 ' 281 372
Plot 4, .... 196 63 717 44 221 151 348 425
Plot 5, .... 232 66 790 59 298 143 343 591
Plot 6 149 41 503 51 235 154 307 483
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It is important to point out that none of the crops in-
cluded above has in any year occupied the whole, of the area
under experiment. Each year we have had some four or
five crops, and the areas in each have varied. The above
figures are valuable, then, solely as a basis of comparison
between the several plots.
Conclusions based on Results up to 18.97.
The chief conclusions wThich seemed justified by the results
above given are the following : —
1. Sulphate of potash in connection with nitrate of soda
(Plot 5) has generally given the best crop. In those eases
where this has not been true, the inferiority of this com-
bination has usually been small. In one case only has it
fallen much behind, viz., with sweet corn, a crop which
makes much of its growth in the latter part of the season.
2. Nitrate of soda (plots 2 and 5) has in almost every
instance proved the most valuable source of nitrogen,
whether used with muriate or the sulphate of potash.
3. The combination of sulphate of ammonia and muriate
of potash (Plot 1) has in every instance given the poorest
crop. This fact is apparently due, as Dr. Goessmann has
pointed out, to an interchange of acids and bases leading to
the formation of chloride of ammonia, which injuriously
affects growth.
The Exjteriment in 1898.
In the Ml of 1897 the plots were ploughed, and rye sown
on all (without further manuring) as a cover crop, chiefly to
prevent soil washing. The growth on Plot 1 (sulphate of
ammonia and muriate of potash) was sickly and feeble, but
no particular difference was noticed between the other plots.
Change in Plan.
In view of the fact that market gardeners, in whose inter-
ests chiefly these experiments are being carried out, almost
invariably use large quantities of stable manure, and employ
fertilizers, if at all, simply to supplement the manure, it was
decided to make a change in the plan of the experiment, in
order that the conditions under which we are working may
more nearly conform to those of the average market gardener.
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Accordingly, it was decided to apply equal amounts of
thoroughly mixed stable manure to each plot, and to use on
each, in addition, the same fertilizers as heretofore. Further,
in order to have a basis for determining whether the fertil-
izers should prove in any degree useful, another plot was
added, to which manure alone is applied. It was impossible
to secure for this purpose a plot of exactly the same shape
as the others, and of course it has not had the same history.
It is, however, contiguous, and it has the same elevation
and similar soil. This plot, which will be called plot 0,
has for the past fifteen years received an annual application
at the rate of ground bone 400 pounds and muriate of potash
200 pounds per acre. It has been planted yearly with a
variety of the newer forage crops. Manure was applied at
the rate per acre of twelve cords to all of the seven plots.
The manure was applied by measure, but it was also weighed.
The table shows the weight applied to each plot and the
quantities of plant food which it carried : —
Plots. Manure(Pounds).
Nitrogen
(per Cent.).
Potassium
Oxide
(per Cent.)
.
Phosphoric
Acid
(per Cent.).
6,720 28.8960 10.7520 17.4720
6 977 30.0011 11.1632 18.1402
6 775 29.1325 10.8400 17.6150
30.3795 11.3040 18.3690
Plot 4 6,617 28.4531 10.6872 17.2042
7,210 31.0030 11.5360 18.7460
29.8635 11.1120 18.0570
.0043 .0016 .0026
Details.
The manure was evenly spread- upon the surface April
L8-23. The land was ploughed April 27, a thin crop of
rye, previously alluded to, being turned under. The fer-
tilizers were applied evenly, broadcast as in previous years,
on May 2, and harrowed in. The land was once more har-
rowed on May 5. Throughout the season all plots received
clean culture.
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The crops the past season have been : strawberries (Clyde |
,
spinach, lettuce, table beets, tomatoes, cabbage, celery and
potatoes; and, as a second crop, turnips.
Clyde Strawberries. — Three rows were set in each plot.
The growth was vigorous and healthy on all plots. Plots I,
5 and 2 now show a slight superiority over the others, while
Plot is the poorest. All are well stocked, in matted
rows.
Long Standing Spinach. — Three rows of this crop were
planted in each plot May 7. All germinated well, but by
June 9 many plants were dying on plots 1 and 4 (sulphate
of ammonia and muriate of potash, and sulphate of ammonia
and sulphate of potash), while nearly all the plants in these
plots appeared yellow and sickly. All the spinach was har-
vested in two cuttings. The yields in pounds were as
follows: Plot 0, 69; Plot 1, 11; Plot 2, Plot :'».
77f ; Plot 4, 13fc; Plot 5, 159£; Plot 6, 73f.
The average yields in pounds produced by the different
fertilizers* were : —
Manure alone (Plot 0), 88.7
Average of manure and muriate of potash (plots 1, 2 and 3), . 78.5
Average of manure and sulphate of potash (plots 4, 5 and 6), . 82.3
Average of manure and sulphate of ammonia (plots 1 and 4), . 7.4
Average of manure and nitrate of soda (plots 2 and 5), . . 158.0
Average of manure and dried blood (plots 3 and 6), . . 75.8
It will be noticed that the muriate of potash plots are
inferior to those receiving sulphate of potash, though the
difference is small. The sulphate of ammonia plots proved
almost an absolute failure, while the dried blood gave a
much smaller crop than the nitrate of soda. The most im-
portant fact brought out is the marked superiority of the
latter as a source of nitrogen for spinach.
Hanson Lettuce.— Two rows of this crop, planted May
7, were grown in each plot, the plants being brought by
* To enable the reader the better to make comparisons, the plots are characterized
as "manure and muriate of potash," "manure and sulphate of potash," etc. It
should be remembered that dissolved bone-black was applied to all except Plot 0,
and that every plot received material supplying both nitrogen and potash as well as
phosphoric acid in addition to the manure. For the full list of fertilisers applied to
each plot, see page 66.
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thinning and resetting to a uniform distance of 1 foot in the
rows, except on plots 1 and 4, where a large number of the
plants died soon after coming up. In harvesting, the heads
of market size were cut from day to day. The total crop in
pounds on the several plots was : Plot 0, 179 J ; Plot 1, 40 ;
Plot 2, 194* ; Plot 3, 220| ; Plot 4, 135 ; Plot 5, 219 ; and
Plot 6, 231J.
The average yields, in pounds, produced by the different
fertilizers were : —
Manure alone (Plot 0, correctedfor area), . . . 230.5
Manure and muriate of potash (plots 1, 2 and 3), . . 151.7
Manure and sulphate of potash (plots 4, 5 and 6), . . 195.1
Manure and sulphate of ammonia (plots 1 and 4),. . 87.5
Manure and nitrate of soda (plots 2 and 5), . . . 206.6
Manure and dried blood (plots 3 and 6), ... 226.0
The manure alone gave, as will be seen, a larger yield
than any of the plots to which fertilizers as well as manure
were applied. The only point clearly indicated is the ap-
parent highly injurious effect of the sulphate of ammonia,
particularly where used with the muriate of potash.
Dewing*s Blood Turnip Beet.— Six rows of this crop,
planted May 7, were grown in each plot. In plots 1 and
4 most of the plants soon became weak and sickly and
many died, and there were not enough to restock to the
uniform distance of 4 inches in the row, to which all the
other plots were brought by thinning and resetting where
needed. The few plants in plots 1 and 4 which survived
until about July 1 then appeared to recover their vigor, and
grew very rapidly. The yields of roots and tops were as
shown below : —
Plots. Beets(Pounds).
Tops
(Pounds).
340 440
80 160
440 570
365 515
260 470
Plot 5 460 490
325 335
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The average yields in pounds per plot were :t> follows :
Roots. Top*.
374.7 484.0
Manure and muriate of potash (plots 1, 2 and 3), 295.0 415.0
Manure and sulphate of potash (plots 4, 5 and 6), 348.3 431.7
Manure and sulphate of ammonia (plots 1 and 4), . 170.0 315.0
Manure and nitrate of soda (plots 2 and 5) 450.0 530.0
345.0 425.0
The general result here is similar to that with spinach
;
i.e., muriate is inferior to the sulphate of potash ; nitrate of
soda is the best source of nitrogen ; and sulphate of ammonia
shows itself to have been actually injurious, particularly so
with muriate of potash.
Dwarf Champion Tomato. — Two rows were set in each
of the original six plots and three in Plot 0, the plants,
purchased of the Horticultural Department, being rather
small and uneven. The crop was picked as it ripened until
September 23, when the balance of the fruit was picked
green. The weights of ripe and of green fruit in pounds
per plot are shown below : *—
Plots. Ripe Fruit. Green Fruit.
Lbs. oz. Lbs. oz.
422 3 179 8
Plotl 387 223
501 4 160
328 2 178
Plot 4, 430 6 181
Plot 5 413 1 84 8
405 4 181 8
The averages of ripe fruit and total yield in pounds per
plot were as shown in the table : —
* The record of one day's picking of ripe fruit was lost, but this does not change
the relative standing of the plots.
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Ripe Fruit. Total.
361.9 515.7
Manure and muriate of potash (plots 1, 2 and 3), 405.6 592.6
Manure and sulphate of potaBh (plots 4, 5 and 6), 416.2 565.2
Manure and sulphate of ammonia (plots 1 and 4), 408.9 610.9
Manure and nitrate of soda (plots 2 and 5), 457.2 579.4
366.7 546.4
The differences brought out by these averages are much
smaller than in the case of the spinach and beets, but are in
the same direction for ripe fruit; i.e., sulphate of* potash
gives somewhat better returns than muriate, and nitrate of
soda gives the largest yield of any of the sources of nitrogen.
It is noteworthy that the sulphate of ammonia does not ap-
pear to have injuriously affected this crop. This is perhaps
due to the fact that the tomato is not set until about the firs!
of June, and makes most of its growth when the season is
well advanced. The crops shown to have been injured by
the sulphate of ammonia, spinach and beets, are sown early,
and make most of their growth before the season is far
advanced.
Fotlerys Drumhead Cabbage.— Two rows in each of the
original six plots and three in Plot were grown. The
seed was planted May 23, in hills, and later thinned to one
in each hill, those destroyed by maggots being replaced.
Owing to the unusually hot season, the crop was well grown
by September 1, and numerous heads were beginning to
crack. They were harvested as they matured, September 8
to November 5. The yield in pounds of heads, practically
all well filled and hard, was as follows: Plot 0, 729; Plot
1, 720; Plot 2, 780; Plot 3, 710; Plot 4, 755; Plot 5,
744; and Plot 6, 651.
The average yields in pounds per plot were as follows : —
Manure alone (Plot 0, corrected), 624.9
Manure and muriate of potash (plots 1, 2 and 3), . . 736.7
Manure and sulphate of potash (plots 4, 5 and 6), . . 716.7
Manure and sulphate of ammonia (plots 1 and 4), . . 737.5
Manure and nitrate of soda (plots 2 and 5), . . . 762.0
Manure and dried blood (plots 3 and 6), . . . 680.5
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Here we find the fertilizers have apparently produced a
moderate increase in crop. The differences between them
are far less marked than in the case of most of the other
crops grown this year. The nitrate of soda appears to have
been the best source of nitrogen for the cabbage.
Early Maine Potatoes. — The seed planted was grown in
the State of Maine. It was treated with corrosive sublimate
solution, for prevention of scab, and sun-sprouted. Ik-fore
planting, the tubers were cut to pieces with two eye- each.
Three rows per plot (4 on Plot 0) were grown. The seed
was planted on May 9 in rows 3 feet apart, the pieces being
dropped 1 foot apart in the rows. Ordinary thorough cult-
ure was given until the vines covered the ground. The
vines were sprayed with Bordeaux mixture | first on June 7)
to repel the flea beetle. They were sprayed with sufficient
frequency to keep the vines well covered with the mixture
until the middle of August, the last application being made
August 8. The Bordeaux mixture was applied nine times in
all, frequent re-application being necessary, on account of
the numerous heavy rains. The vines were slightly attacked
mi O m/
by blight about the middle of July ; but later in August new-
shoots were thrown out from the axils of the lower leaves,
making a healthy growth, which remained green until very
late in September. The tubers averaged large and smooth,
and showed very little rot when dug. A few weeks after
storing there were a few more decayed tubers. The yield
in pounds was as follows : —
Plots.
Merchantable
Tubers.
Small
Tuber*.
441.5 41.0
449.0 40.0
426.0 40.0
Plot 3, 409.0 62.6
550.0 35.0
4S2.0 31.&
482.0 51.5
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Yield per Acre (Bushels) .
Plots. Merchantable
Tubers.
Small
Tubere.
35.4
Plot 1 447.2 35.8
381.7 35.8
366.5 56.0
492.8 31.4
431.9 28.3
431.9 46.1
The averages calculated to show the relative effect of the
different fertilizers are given below in pounds per plot :—
Plots. MerchantableTubers.
Small
Tubers.
425.7 39.5
Manure and muriate of potash (plots 1, 2 and 3), 444.7 47.5
Manure and sulphate of potash (plots 4, 5 and 6), 504.7 39.3
Manure and sulphate of ammonia (plots 1 and 4), . 524.5 37.6
Manure and nitrate of soda (plots 2 and 5), . 454.0 35.8
445.5 67.0
It becomes evident from a study of these figures that the
fertilizers proved moderately beneficial to this crop, and that
the sulphate of potash is superior to the muriate. The
various sources of nitrogen rank in the order, sulphate of
ammonia, nitrate of soda and dried blood, the first giving a
much larger average crop than either of the others. It
seems further important to point out that the combination
sulphate of ammonia with muriate of potash, which has
proved both in previous years and in this year so fatal
to most crops, has given a fine crop of potatoes, at the
rate of 447 bushels to the acre, the second in rank among
the seven plots. No explanation can be ottered, beyond
that already suggested in the case of tomatoes, viz., that the
potato has a much longer growing season than the crops
doing so very poorly on this combination of fertilizers. It
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seems reasonable to suppose that, as the season advances,
the injurious ammonium chloride tunned at first is either
washed out of the soil or destroyed by further chemical
changes. This question will be made a matter of further
study.
The spraying with Bordeaux mixture, although necessarily
nine times repeated on account of the unusual number of
heavy rains, must be considered to have been profitable, as
the yield was very heavy, while in general the crop this year
was light where spraying was not practised.
Giant Pascal Celery. — Two rows were grown in each
plot; the plants, large and well grown, were set 1 foot
apart in rows 5 feet apart on July 19. Banking began
September 29, and the crop was put into the cellar in good
condition on November 4. The growth on plots 0, 1 and
4 was fair; on the other plots, excellent. There was con-
siderable rust on Plot 0, while there was little or none on
the other plots. The weights in pounds of the plants (in-
cluding roots and a little earth) were as follows : Plot 0,
443 ; Plot 1, 328 ; Plot 2, 478 ; Plot 3, 478 : Plot 4, 348 ;
Plot 5, 568; Plot 6, 488.
The calculated averages will not be given until the crop is
blanched, since the earth, of necessity left adhering to the
roots of the plants as put into the cellar, is an element of
uncertainty. It may be of interest to state that these aver-
ages indicate little if any increase which can be attributed
to the fertilizers.
White Egg Turnips.— This crop followed spinach, let-
tuce and table beets, without further manuring. The land
was reploughed and fitted and the seed sown on July 28, in
rows 14 inches apart. Soon after sowing a heavy shower
caused some washing across the plots, which was particu-
larly injurious on Plot 0. The crop was harvested Novem-
ber 8 and 9, and was of excellent quality. The yields in
pounds are shown in the following table :—
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Plots. Roote. Tops.
580.0 185
702.0 348
Plot 2, . 753.5 315
735.0 315
938.0 335
655.0 260
Plot 6, 690.0 216
The calculated averages in pounds are given in the follow-
ing table : —
Roots. Tops.
688.3 219.7
Manure and muriate of potash (plots 1, 2 and 3), 730.3 326.0
Manure and sulphate of potash (plots 4, 5 and 6), . 761.0 270.0
Manure and sulphate of ammonia (plots 1 and 4), . 820.0 341.6
Manure and nitrate of soda (plots 2 and 5), .... 704.3 287.5
712.5 265.0
The fertilizers are shown to have been moderately bene-
ficial, there is not much difference between the two potash
salts, and the sulphate of ammonia gives a much better
crop than either of the nitrogen fertilizers. This is not
strange, in view of these facts: (1) the plots to which this
had been applied had produced but very small first crops,
while the others had yielded heavily; and (2) that the tur-
nips made their growth so late in the season that the in-
jurious compounds often formed by this salt had become
dissipated, or destroyed by further chemical changes.
Experiments in Manuring Grass Lands.
The system of using wood ashes, ground bone and mu-
riate of potash, and manure in rotation upon grass land has
been continued. We have three large plots (between two
and three acres each) under this treatment. Under this
system each plot receives wood ashes at the rate of 1 ton
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per acre one year; the next year, ground bone 600 pounds
and muriate of potash 200 pounds per acre; and the third
year, manure at the rate of 8 tons. The system is so planned
that each year we have one plot under each manuring. The
manure is always applied in the fall, the other materials early
in the spring; this year April 8 and 9.
Plot 1, which this year received bone and potash, gave a
yield at the rate of 5,137 pounds of hay and 2,370 pounds
of rowen per acre. Plot 2, which received ashes, yielded
4,602 pounds of hay and 2,142 pounds of rowen. Plot 3,
which was dressed with manure in the fall of 1897, yielded
5,233 pounds of hay and 2,823 pounds of rowen per acre.
This field has now been ten years in grass, and during the
continuance of the present system of manuring (since 1893)
has produced an average product (hay and rowen both in-
cluded) at the rate of 6,808 pounds per acre. The plots
when dressed with manure have averaged 7,211 pounds per
acre; when receiving bone and potash, 6,671 pounds per
acre; and when receiving wood ashes, 6,541 pounds per
acre.
Variety Tests.
Our work in testing varieties this year has been confined
to testing the potato. With this it has been extensive.
The tests have been of two sorts; (1) a preliminary test
with varieties grown for the first time; and (2) a test of
the best twenty-five varieties, as indicated by the trial of
last year.
1 . Preliminary Test. — As has been stated in my pre-
vious reports upon variety work with the potato, I consider
several years' trial necessary to the formation of a judgment.
The seed of new varieties as they are brought out must of
necessity come from many widely separated localities. Such
seed is unfit to serve as a basis for comparison, with the
object of determining the relative merits of varieties, as it
is well known to many and quite generally admitted that
the place where any given variety of seed potatoes is pro-
duced may greatly influence its product. Newly obtained
varieties must also of necessity have been subjected to
widely variant conditions of handling, preservation and
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transportation, and all these factors influence product. For
all these reasons our practice is to obtain but a small quan-
tity of seed of new varieties as they come to our attention,
and to plant this for the purpose of raising seed for the next
year's trial, which shall have been produced under similar
conditions and similarly handled. This constitutes our
' *preliminary test. "
This test the past season included seventy-five varieties,
obtained from almost as many seedsmen, scattered all over
New England, the middle and central States and Canada.
The seed of all was treated with corrosive sublimate solu-
tion and sun-sprouted. It was then cut to pieces of two
good eyes each, and planted one piece to a foot, in rows 3
feet apart. The soil was a good medium loam, naturally
well drained. The fertilizers used in pounds per acre
were : —
Nitrate of soda, 240
Acid phosphate, 400
Sulphate of potash (high grade) , 250
Tankage, 240
Dried blood, 100
These materials were mixed just before using, and scat-
tered broadly in the drills before dropping the seed. The
planting took place May 11 and 12. All varieties were
injured by hot, dry weather, which came just as the
tubers were forming, and by blight, although sprayed
with Bordeaux mixture six times between June 13 and
August 2. The varieties on which blight was first noticed
were Salzer's Earliest, Bliss Triumph, King of the Earliest
and Lincoln,— July 24 and 2"). All other varieties showed
blight between July 28 and August 1, and to about an equal
degree. It is thought that no varieties blighted Long before
they were mature
;
but, nevertheless, the blight undoubtedly
greatly reduced the yields. Owing to the blight, the period
of apparent ripening of all varieties was Dearly the same,
viz., August 27 to September 8. The potatoes were dug
Late in September. The average number of sets for each
variety was about forty, and to this number the yield of
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all has been corrected. Such correction, in our experience,
always proves unduly favorable to the varieties of which we
have the least seed. Our effort has always been to obtain
just three pounds of each variety; but sometimes we are
unable to obtain so much, or it may be that souk; tubers
obtained prove unfit to plant, owing to bruising or decay.
The yield this year has varied from 8.5 to 46.7 pounds of
merchantable tubers for 40 sets.* Six varieties have given
a yield of 40 pounds or above of merchantable tubers from
40 sets, viz., Ford's No. 31, 46.7
;
Early Minnesota, 44.7
;
Champion of the World, 41.8; Burr's No. 1, 40.8; and
American Wonder and Early Dawn, 40 each. Eight va-
rieties gave under 20 pounds from 40 sets, viz., Lady
Finger, 8.5; Mayflower, 13.9; Salzer's Earliest, 14.2;
Potentate, 15.3; Mills's Long Keeper, 16; Livingston's
Pinkeye, 16.8 ; and King of the Earliest and White Beauty,
18.5 each.
2. Test with Twenty-Jive Varieties {the Best of Last
Season). — The seed of these varieties, it will be under-
stood, was all of our own growing, and was of most excellent
quality. It was prepared for planting as above described,
and was planted upon similar soil and similarly manured.
One hundred sets of each variety were planted on May 13.
These varieties were sprayed six times, as were those in
the preliminary test. They, however, showed considerable
blight, and doubtless gave diminished yields because of this
affection. The yields have been calculated to 40 sets, to
make them comparable with the varieties in the other test.
These are shown in the table following : —
* Forty pounds for 40 sets corresponds to a yield of 242.4 bushels per acre.
Thirty pounds for 40 sets corresponds to a yield of 181.8 bushels per acre.
Twenty pounds for 40 sets corresponds to a yield of 121.2 bushels per acre.
80 HATCH EXPERIMENT STATION. [Jan.
Variety Test of Potatoes. Yield in Pounds from 40 Sets.
Variety. Merchantable
Tubers.
Small
Tubers.
Beauty of Hebron, 33.40 7.00
20.40 9.60
23.40 12.80
19.20 10.80
Dutton's Seedling, 32.20 15.20
21.20 2.80
28.00 9.00
26 . 40 10.80
Empire State, 12.40 7.60
36.80 4.20
Fillbasket, . 37.60 5.60
26.80 9.60
26.60 7.40
New Satisfaction, 26.60 6.00
28.20 8.00
34.80 7.60
29.60 8.80
34.00 C OAO.ZVI
26 .80 a onQ.2N
State of Maine, . 34.00 4.80
35.80 6.40
28.40 3.80
31.80 9.00
40.20 8.00
Woodbury's White 35.90 5.00
Last year the eleven best varieties ranked in yield of
merchantable tubers in the following order: Rose No. 9,
Restaurant, Woodbury's White, Bliss's Triumph, Prolific
Rose, Empire State, Early Maine, Dakota Red, Sir William,
Early Rose and Beauty of Hebron. All of these then gave
a product at the rate of more than 220 bushels of merchant-
able tubers per acre.
This year the relative rank, as will be seen, is quite dif-
ferent. The yields are in general much lower. The results
of this year, however, owing to the blight, cannot be re-
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garded as affording a reliable index to the relative merit > of
the varieties. Their publication, however, serves to illus-
trate how almost impossible it is, in the making of such
tests, to establish the relative merits of varieties. As 1 have
remarked in previous reports, it is significant that the old
standard, Beauty of Hebron, is once more one of the first
ten varieties.
Identical Varieties under Different Names.
As far as we are able to judge, there is no difference
between King of the Earliest and Early Ohio ; Salzer's
Earliest and Bliss's Triumph ; Mills's Banner and Livingston's
Banner; while White Beauty and Cambridge Russet differ
but very slightly, the latter having a slightly more russetted
skin than the former.
Test of Seed of the Same Variety from Different Localities*
In order to test the soundness of the a priori conclusion
that, to make the results of a variety test comparable for
the purpose of determining relative merits, the seed of all
should have been produced in the same locality and handled
in all respects alike, an experiment was carried out with two
of the old standard sorts,— Beauty of Hebron and Early
Rose,— with seed of each from a considerable number of
sources. The seed of the former came from eight different
producers ; that of the latter, from six. The methods pur-
sued in seed preparation, soil, manuring, spraying, etc.,
were in all respects as in the variety test.
Comparison of Seed Potatoes from Different Localities. Yield in
Pounds of 40 Sets.
Varieties.
Source of the Seed. BEAUTY OF HEBRON.
Merchant-
able.
Small.
Merchant-
able.
Small.
Home grown, 30.0
Guelph, Ontario, D. of C,
. . .
32.3
Pennsylvania grown, Dreer, . . . 24.5
James J. H. Gregory, Marblehead, Mass., 35.5
Cornell Experiment Station, Ithaca, N.Y., 29.3
Wisconsin, Olds Seed Company, . . i 26.0
Maine, A. H. Weeks Company,
. .
33.3
Dibble Seed Company, N. Y., . . . 26.5
Minnesota, Farmer Seed Company,
2.5
1.8
5.8
2.5
2.5
4.5
2.8
3.8
25.0 2.9
31.0
Kansas, F. Barteldes & Co., .
8S.fi
21.0
20.0
2.0
3.8
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The range of variation in yield, as will be seen, is large,
amounting to almost 50 per cent, in the yield of merchant-
able tubers for the Beauty of Hebron and to rather over 50
per cent, for the Early Rose. In view of this wide differ-
ence in the yield of the same variety, it must be admitted
that variety tests in which the seed is brought together
from many sources can have but a doubtful value.
The extent of the variation in the type of the potatoes
grown in this test was considerable, so great, indeed, as to
make it doubtful whether in all cases the seed was true to
name, although obtained from the most reliable parties in
every instance. The extent of the variation is in part shown
in the table below, in which each lot is compared with the
crop from our home-grown seed of the same variety : —
Potatoes.— Comparison of Crops, Seed from Different Sources.
Origin of the Seed. Shape. Color. Size. Eyes.
Beauty of Hebron.
Home grown,
.
Long, elliptical,
slightly flattened,
tapering strongly
towards tip.
Light flesh, mot-
tled with darker
shades.
Medium, Medium, rather
deep.
J. J. H. Gregory,
.
r
Dreer, Pennsylvania,
.
Same, .
Shorter,
.
Same, .
Same,
Same, .
Larger,
.
Smaller, less
deep.
Same.
Olde Company, Wis-
consin.
Oval, slightly flat,
same at both ends.
Lighter,
.
Smaller, Small.
Weeks Company,
Maine.
Same,
.
Same, Larger, Less deep.
Cornell Experiment Sta-
tion.
Same, . . Light, bright pink, Larger, Smaller.
Guelph, Ontario, Ex-
periment Station.
Same, Same, . Same, . Same.
Dibble Company, N. Y., Same, . Lighter, Same, . Same.
Early Rose.
Home grown, Long, flattened,
tapering towards
seed end, curved.
Light pink, bright
pink at seed end.
Medium, Medium large.
Dreer, Pennsylvania, . Broader, more com-
pact.
Lighter, Same, . Same.
Farmer Company, Min-
nesota.
Much broader, less
curved.
Same,
.
Smaller, Same.
Cornell Experiment Sta-
tion.
Longer, more
curved.
Same,
.
Larger, Same.
Kansas.Barteldes & Co., Broader, more like
Hebron.
Same, . Same, . Smaller, more
shallow.
Dibble Company, N. Y., Same, . Same, . Larger,
.
Large, shallow.
1899.] PUBLIC DOCUMENT — N». :J3. 83
Individual Variation, Tubers of the Same Variety.
In view of the frequently reported tests of varieties in
which some two or three tubers only of each are used, it was
thought best to carry out an experiment to determine if
possible the extent to which the product of single tubers
will vary when grown under conditions as favorable as pos-
sible to uniformity of yield. As a preparation for this test,
tiles two feet in diameter and four feet long were set into
the ground in a single row, the distance between them being
about two and one-half feet. To insure equal drainage con-
ditions, a drain tile was laid at about the level of the lower
edge of the tile, being given just enough pitch to carry off
water. The plot of land in which the tiles were set was sur-
rounded with drain tile, to prevent the ingress of soil water
from outside. This plot had been uniformly manured for
many years, so that the subsoil conditions below the tiles
must have been practically uniform. The plots were set so
that the surface water from outside was excluded, but the
earth outside was brought to within about one inch of the
upper edge.
These tiles so set were filled to within one foot of the
top with carefully mixed subsoil, consisting of a very tine
sand, this subsoil being settled by the liberal use of water.
After this subsoil had thoroughly settled and somewhat
dried, equal weights of carefully mixed medium loam were
put into each tile, the quantities being sufficient to fill them.
The amount used was two hundred and twenty-five pounds
for each tile. Conclusive evidence that the work was well
and uniformly done is afforded by the fact that the earth
in the several tiles remained at practically uniform height
throughout the season.
With the upper four inches in depth of soil in these tiles
were most carefully mixed the fertilizers applied, precisely
the same weights as determined by chemical balances to each
tile. The materials used supplied per tile and at the rate
per acre as follows : —
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Materials Used. Per Tile(Grama).
Rate per
Acre
(Pounds).
•
8.07 250
3.23 100
8.07 250
12.92 400
9.69 300
This fertilizer was applied May 9, and the seed was planted
the same day. The variety was Carmen No. 1. The tubers
selected were uniform in form, weight and all external char-
acteristics, as far as it was possible to obtain such. The
weights of the tubers were as follows: No. 1, 160 grams;
No. 2, 135 grams; No. 3, 1G0 grams; No. 4, 140 grams;
No. 5, 135 grams; No. 6, 140 grams; No. 7, 140 grams;
No. 8, 140 grams. The first seven tubers were treated
with corrosive sublimate solution, and sun-sprouted ; No.
8 was not treated. Each tuber was cut to exact halves by
weight, and the number of eyes on each half reduced to five
in the same part of the tuber. The tubers were all typical
of the variety, and all were entirely free from scab, but there
had been a few scabbed potatoes in the crop from which they
came. They were all planted face downward at the same
depth, the halves of tuber No. 1 in tiles 1 and 2, the halve-
of tuber Xo. 2 in tiles 3 and 4, and so on,— and finally
one-half of tuber No. 8 in tile 15. They all came up in
good season, but somewhat irregularly, May 26 to May 28,
They were most carefully cultivated by hand, kept entirely
free from weeds and from bngs by hand pulling and picking.
Bordeaux mixture was applied six times, June 6 to July 25.
There was practically no injury from either flea beetle or
blight. The vines in different tiles showed quite different
minor characteristics, and ripened unevenly, September 20
to October 1, when the crop was harvested. At that time
there was a very little yellowish-green color on part of one
stalk in tile i> and on one entire stalk in tile 8. All leaves
had for some time been dead. The yields and remarks are
given in the table : —
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Yield of Different Tubers, Carmen Potato*
No. of Tuber. Tile.
Number
of
Tubers.
Weight
(Kilograms).* Kemurkrt.
Tuber No. 1, \l
10
14
1.470
1.520
Tuber No. 2, 13
14
11
1.300 )
1.340
j
One scabby.
Tuber No. 3, is
15
10
1.440 ;
1.440) Several slightly scabby.
1
7 12
8
1.180 )
1.330 S
Sm&ll amount of scub.
Tuber No. 5,
Tuber No. 6,
Tuber No. 7,
One-half of Tuber No. 8, .
Wo
|l2
(IS
15
17
15
19
9
13
14
16
1.440 )
1.620
)
1.460 )
1.340
i
1.240
I
1.450 )
1.320
A very little scab.
A little scab.
A little scab.
Considerable scab.
* The kilogram equals almost exactly 2.2 English pounds.
The above weights were taken after the tubers had boon
carefully washed and dried. They showed a range of varia-
tion amounting between halves to a little over 37 per cent.,
and between tubers of about 22 per cent. The differences
in number and size of tubers are equally striking. In view
of these facts, I submit that variety tests of potatoes upon a
small scale can have but a small value for determining the
probable relative yield of varieties.
Poultry Experiments.
The experiments with poultry completed since our last
annual report were begun in the late fall of 1897, and ox-
tended through the winter of 1897 and 1898, and a part of
them through the past summer and into the fall. The points
upon which these experiments were designed to afford in-
formation are the following : —
1. Effect upon egg-production of the use of condition
powders.
2. Comparative value for egg-production of flesh or
animal meal and cut fresh bono.
3. Comparison for egg-production of a wide nutritive
ration with a narrow ; or, in other words, of a ration in
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which corn meal and corn were prominent with one in which
these feeds were replaced wholly or in large part with more
nitrogenous foods, such as wheat middlings, gluten feed,
wheat and oats.
4. The influence of the presence of a cock with the hens
upon egg-production.
General Conditions.
In all these experiments pullets purchased in Plymouth
County and reaching us about the middle of October were
used. These pullets were well-bred Barred Plymouth Rocks,
not fancy stock (t. e., as to feather), but bright, healthy
stock, hatched in April. These pullets were evenly divided
into lots of twenty each, being matched in sets of two lots
as closely as possible. Each lot occupied a detached house,
including laying and roosting room ten by twelve feet and
scratching shed eight by twelve feet, with the run of large
yards of equal size whenever weather permitted. The win-
ter tests began December 12 and ended April 30. The latter
part of March a few hens were removed from each house for
sitters, the same number from each. Egg records of the
separate lots were kept from the time laying began to the
time of beginning experiments, for the purpose of affording
an index as to the equality or otherwise of the matched pairs
of lots. The hens were all marked with leg bands, as a pre-
cautionary measure for the purpose of identification in the
case of accidental mixture of fowls.
All the meals and the cut clover were given in the form of
a mash, fed early in the morning. This was mixed the night
before with boiling water until January 8, and fed at the
temperature of about 70° F. After January 8, the mashes
were mixed with boiling water in the morning, and fed hot.
At noon a few oats were scattered in the straw with which the
scratching sheds were littered. At night the balance of the
whole grain was fed (also by scattering in the straw) one
hour before dark. The fowls were given what whole grain
they would eat up clean. Water, shells and artificial grit
were kept before the fowls at all times. About twice a
week a small cabbage was given to each lot of fowls, this,
like all other food, being weighed. The eggs from each
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lot were weighed weekly. The fowls were all weighed onoe
each month.
No male birds were kept in any of the pens in the winter
experiments, nor, indeed, in any except where the influence
of the cock was the subject of experiment. Sitters, except
those taken out, above alluded to, were confined in a coop
until broken up, being meanwhile fed like their mates.
The prices per hundred weight for foods, upon which
financial calculations are based, are shown below : —
Wheat, $1 75
Oats, 1 00
Wheat bran, 60
Wheat middlings, 7;,
Gluten feed, 2 00
Animal meal, 2 00
Cut clover rowen, 1 50
Cabbage, 25
Cut bone, 2 00
Gluten meal, 80
Corn meal, 85
Corn, .1 85
Composition of Foods {Per Cent.).
Kind. Moisture.
Air Dry Food contains —
Ash. Protein. Fibre. Extract. Fat.
Whole wheat, 10.51 1.85 12.64 2.55 71.01 1.44
Whole oats, 8.06 3.21 11.96 11.64 61.48 3.65
Cut clover rowen, 9.80 7.36 17.88 22.18 39.70 3.08
Wheat middlings, 9.25 4.63 17.52 9.91 53.11 6.58
Animal meal, 5.06 39.26 37.66 1.01 5.56 11.45
Whole corn, 12.11 1.31 9.55 1.90 71.26 3.87
Kind. Moisture.
Dry Matter contains —
Ash. Protein. Fibre. Extract. Knt.
Bran 12.72 6.96 18.01 11.65 57.92 6.46
Gluten feed, 9.10 0.92 24.59 7.17 63.43 3.89
Corn meal, .... 13.43 1.46 11.01 1.96 SI. 44 4.13
Cabbage, .... 89.45 7.94 25.69 9.31 54.76 2.30
Cut bone, .... 26.29 21.50 20.62 31.38
Gluten meal, 8.77 1.50 37.64 3.87 54.50 2.40
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1. Effect of Condition Powder upon Eyy-production.
Each coop contained twenty pullets at the beginning of
the experiment ; the fowls in the no condition-powder coop
weighing 103 pounds, and having laid, November 18 to
December 12, 46 eggs ; the fowls in the condition-powder
coop weighing 97 pounds, and having laid 14 eggs. The
rations of the two lots of fowls were the same, except to
the morning mash of one lot was added condition powder
to the full amount recommended by makers; viz., 3 scoops
(provided for measuring) heaping full. This amount of
condition powder was enough to make the mash several
shades darker than the one without it, and to impart a
strong odor. Being mixed sometimes in the room where
milk was standing, it imparted a flavor to butter made there-
from which was recognized by our expert butter maker, who
knew nothing concerning its use, and who worked in rooms
a quarter of a mile distant, to which the milk was taken.
The pen receiving the powder consumed during the winter
four two-pound cans of it, costing at retail $4.
Both lots of fowls were healthy throughout the entire
test. Two fowls were stolen from the lot receiving no
condition powders on the night of March 27. One soft-
shelled egg was laid by a fowl receiving condition powder.
The tables give all details necessary to a comparison of the
results : —
Foods coiisumed, Conditionpowder Experiment.
Amount.
Kind? of Food. Condition
Powder.
No Condition
Powder.
•
Lbfl.
269
oz. Lbs. oz.
250
153 152
44 44 8
44 44 8
44 0'' 44 8
52 52 8
43 44 8
15 15 15 3
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Average Weights of the Fowls (Pounds).
Condition
Powder.
No < 'onditlou
Powder.
6.15
6.41
5.63
5.48
4.88
Eggs per Month (Number).
Months. Condition
Powder.
No Condition
Powder.
28 59
90 66
86 101
217 288
April, 298 291
Totals, 719 745
Condition Powder for Egg-production (December 12 to April 30).
Condition
Powder.
No Condition
Powder.
2,751 2,656
Gtobs cost of food, $8 91 $8 59
$0 0032 JO 0032
719 745
$0 0124 $0 0115
$0 0180 f0 0115
.28+
90.80
1.96 1.95
Dry matter to produce 1 egg (pounds) .82 .77
.22- .22—
8 14
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Eggs from both lots of fowls were tested under numbers
by two families. One family reports no difference; the
other found the eggs from the hens not getting the powder
' ' much preferable " to the othc rs
.
Conclusion.
A study of the figures showing results shows that the
hens not getting the condition powder laid more eggs, of
practically the same average weight. The food required to
produce a single egg was less, and the cost was very ma-
terially less. The average wTeight of the fowls not getting
the powder at the close of the experiment was about one-
quarter of a pound less than that of the other.
We have now carried through three experiments to test
the value of condition powder for egg-production. The
differences have in every case been small. In favor of
the condition powder we have one experiment, against it
we have two experiments. It is not, however, my disposi-
tion to claim that the powder is injurious, but simply thai it
is not beneficial. This the four experiments, carried out
with the utmost fairness and with every care, certainly
prove. In the light of these results, it is believed that
poultry keepers throw away money expended for condition
powder.
2. Animal Meal v. Cut Bone for Egg-production (Decem-
ber 12 to April 30).
In this experiment there were nineteen pullets in each
house when the experiment began. Those in the animal-
meal house weighed 101.5 pounds, and had laid, November
8 to December 12, 82 eggs. The pullets in the cut-bone
coop weighed 101.25 pounds, and had laid 41 eggs.
In the morning inash of one lot one part animal meal to
five parts total dry materials was used ; in the mash of the
other lot, the same proportion of fresh-cut bone was mixed.
The large, flat bones, comparatively free from meat or fat,
were used.
In the animal-meal coop the health of the birds was good,
but one fowl being out of condition in any way. She be-
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came sick about April 1, and was killed, as she seemed to
be growing gradually worse, on April 10. The nature <>f
the trouble was unknown. Almost from the first, bowel
troubles were not uncommon in the cut-bone coop. Two
fowls died (December 2o and January 11) after short ill-
ness. On April 11 one hen was found with a disjointed
leg, and she was killed. The animal-meal coop Laid three
soft-shelled eggs; the other, two.
The bone fed amounted to only .l} 7 ounce per hen daily.
One-half ounce and over is the usual recommendation by
writers upon the subject. We find it impossible to teed so
largely without serious bowel trouble.
Foods consumed. Animal Meal v. Cut Bone.
Kinds of Food. Animal Meal. Cut Bone.
Wheat,
.
lbs. oz.
256
lbe. oz.
262
Oate, . 143 145
Bran, . 44 8 39
Wheat middlings, 44 S 39
Gluten feed, 44 8
Gluten meal, 39
Animal meal, 44 S
40
Clover rowen, 44 8 39
19 3 IS 8
Average Weights of the Fowls (Pounds).
Dates. Animal Meal. Cut Bone.
5.34 5.38
January 31, 5.64 5.66
5.66 5.88
March 30, 5.09 5.27
April 30, 5.06 6.53
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Eggs per Month (Number).
Month 8. Animal Meal. Cut Bone.
63 57
92 83
184 120
263 250
210 209
812 728
Animal Meal v. Cut Bone for Egg-production.
Animal Meal. Cut Bone.
812 728
2,561 2,331
$8 45 $8 29
$0 0104 $0 0114
$0 0033 ' $0 0035
100.5 ' 8817
1.98 1.95
.32 .31
Dry matter consumed per hen day (pounds) .22 .23
Dry matter to produce 1 egg (pounds), .695 .739
1:4.6 1:4.7
22 13
A test of the eggs both raw and boiled was made by an
expert, who found the animal-meal eggs inferior, in color
and flavor, to the others.
Conclusion,
In conclusion, then, I may quote the closing summary of
results made in my report upon a similar experiment last
year. "The advantage in this trial lies, then, clearly with
the animal meal as a food for egg-production. It has given
more eggs of greater average weight and at considerably
less cost than the bone ; and it is, moreover, a more con-
venient food to use, as well as safer." In one respect only
is the animal meal apparently inferior to the bone this
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year, viz., the fowls getting it weigh less at the close of the
experiment than the others. This loss in weight is, how-
ever, far more than covered by the greater value of eggs
produced.
We have now carried through five experiments, compar-
ing these two feeds. Two have given results slightly
favorable to the bone in number of eggs; one a similar re-
sult in favor of the animal meal; and two— the two last,
which have been the most perfectly carried out— have been
most decisively favorable to the animal meal. The latter
has also been found the safer food. The greatly preponder-
ating weight of the evidence afforded by these experiments,
which have been most carefully conducted, is, therefore, tn
favor of the animal meal.
3. Narrow v. Wide Ration for Egg-production .
The experiments coming under this head have been two,
one extending from December 12 to April 30, the other
from May 1 to October 4. The object in view was to test
the correctness of the generally held opinion that the food
of the laying hen must be very rich in nitrogenous constit-
uents. As we have carried out the experiment, it amounts
to a substitution of corn meal for wheat middlings and gluten
feed in the morning mash, and the replacement of about one-
half of the oats and the wheat fed at night with the corn.
The proportions of cut clover and of animal meal have re-
mained the same in the two rations.
The health of the fowls on both rations has been uniformly
good throughout both the winter and summer test, with a
single exception,— the loss of one fowl from the effects
of indigestion, — on the wide ration. It was found to re-
quire the exercise of more judgment in feeding to keep the
fowls on the heavier corn ration in perfect condition. They
were more easily overfed, and on two or three occasions lost
appetite for their feed for short periods.
The Winter Experiment.
On December 12 the pullets, 19 in each lot, weighed as
follows: narrow ration, 101.75 pounds; wide ration, 102.5
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pounds. The first lot had laid, November 12 to December
12, 127 eggs ; the other lot, 85 eggs, and one in this lot
was broody. The foods consumed during the winter exper-
iment and other details are shown in the following table : —
Foods consumed, Narrow v. Wide Ration (December 12 to
April 30).
Kinds of Food. AiallUW IVtttflULI.
lbs. oz.
257
lb*, oz.
126
147 63
43 39
43
43
43 39
44 39
108
136
18 5 16 5
Average Weight of the Fowls (Pounds).
Dates. Narrow Ration. Wide Ration.
December 12, 5.36 5.39
January 31, 5.41 5.84
February 25, 6.45 5.80 .
March 30, 5.16 5.67
April 30, 5.17 5.31
Number of Eggs per Month, Narroiv v. Wide Ration, Winter Test.
Months. Narrow Ration. Wide Ration.
December 12 to 31 94 89
99 148
147 268
310 317
April, . . . 210 259
860 1,071
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Narrow v. Wide Ration for Egg-production, Winter Test.
Narrow Ration. Wide Ration.
Hen days, ........ 2,529
$8 54 art - a
Cost per Den day $0 0026
860 1,071
i0 0099 *0 0061
.34—
.42+
102.425 130.53-
1.98 1.95
Dry matter to produce one egg (pounds) .655
.46
Dry matter consumed per hen day (pounds) ,
.
.22
.19
1:5.6 —
30 24
Summer Experiment.
The summer experiment was continued with the same
fowls that had been used in the winter. The method of
feeding remained the same, save in two particulars : (1) in
place of cut clover rowen in the mash every morning, lawn
clippings in such quantity as the fowls would eat before
wilting were fed three times per week, to each lot the
same; and (2) the feeding of cabbages was discontinued.
The yards (fifty by twenty-four feet) were kept fresh by
frequent use of the cultivator. The health of one fowl only
suffered during the experiment. One of the corn-fed fowls
appeared dumpy for a few days, but was fully recovered in
two weeks. As in the winter test, the fowls fed largely on
corn showed less relish for their whole grain than the others.
Food consumed and other details are shown below : —
Foods consumed, Narrow v. Wide Ration {May 1 to October 4).
Kinds of Food. Narrow Ration. Wide Ration.
Lbs. Lbs.
Wheat, 276 131J
Oate,
.
97 43
43 40
Middlings,
.
43
Animal meal, 43 40
106J
217J
43 10
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Average Weight of the Fowls (Pounds).
Datbs. Narrow Ration. Wide Ration.
5.17 5.31
6.00 5.25
5.47 5.22
5.05 5.50
5.07 5.44
4.37* 4.81f
* Or 86 per cent. t Or 88 per cent.
Eggs per Month (Number).
Months. Narrow Ration. Wide Ration.
May 216 292
182 204
157 210
151 197
139 174
14 18
859 1,095
Narrow v. Wide Rationfor Egg-production , Summer Test.
Narrow Ration. Wide Ration.
2,355 2,512
$7 56 $6 64
$0 0032 $0 0026
859 1,095
$0 0088 $0 0061
.36 .44
106.3 130
1.98 1.90
Dry matter to produce one egg (pounds), .... .57+ .48+
Dry matter consumed per hen day (pounds),
.
.21— .21+
67 60
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The fowls on the wide (corn) ration laid three soft-shelled
eggs during the winter test and one during the Bummer.
These are not included in the tabular reports.
Study of the results reveals the following facts :
1. The hens on the wide {rich in corn) ration laid a great
many more eggs in both the winter and in the summer experi-
ments than those on the narroicer ration.
2. The difference in favor of the wide ration amounts to
25 per cent, in the winter trial and to 33£ per cent, in tl,>-
summer trial, upon the basis of equal number of hen days.
3. The total cost offeeds was less for the wide ration, and
of course the cost per egg was much less. In the production
of one hundred dozen eggs the saving on the basis of our
winter test ivould amount to $4.56 ; on the basis of the sum-
mer test, to §3.24.
4. In average weight of the eggs produced there is a small
difference in favor of the narrow ration; but in quality the
weight of family evidence shows the eggs produced by the
corn-fed hens to have been somewhat superior. They were
deeper yellow and of a milder favor than the eggs from the
narrower ration.
5. The fowls on the wide ration gained somewhat in
weight and were heavier at the close of the experiment than
the others, notwithstanding the much larger number of eggs
laid.
At the close of the experiment the fowls were closely
judged as to the condition of the plumage while still living,
and it was decided that the corn-fed hens were farther
advanced in moulting than the others. The fowls were
slaughtered, and the judgment of the men removing the
feathers coincided with the judgment on the living fowls.
The averages before and after dressing were as follows:
narrow-ration fowls, 5.07 pounds; dressed weight, 4.37
pounds; wide-ration fowls, 5.44 pounds; dressed weight,
4.81 pounds. The narrow-ration fowls gave Sh' j>< r cent,
dressed weight; the others, 88 percent. The dressed fowls
were judged by a market expert, who pronounced the cornrfed
fowls slightly superior to the others.
The results are thus greatly infavor of the radon richer in
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corn meal and corn ; and so important will a knowledge of
this fact prove {if confirmed by farther trials), because of the
cheapness of thesefoods as compared with wheat, that the ex-
periment is being repeated this year with three different
breeds offowls, using corn yet more largely than last year.
4. Influence of the Cock on Egg-production.
At the close of the winter tests the hens that had been
used in the condition-powder and cut-bone experiments
were matched in such a manner as to equalize previous
feed conditions in four coops of sixteen fowls each. The
fowls were all put upon the same feed, and egg records
were kept for two weeks, to determine whether the fowls
seemed evenly matched. At the end of the time a vigorous
AVhite Leghorn cock was placed in two of the coops. We
had thus two experiments co-incidently running. These
will be designated respectively test No. 1 and test No. 2.
Test No. 1. Influence of the Cock on Egg-production. —
In the preliminary trial the hens in pen 1 laid 129 eggs;
those in pen 2, 107 eggs. In the first pen five hens were
brooding; in the second, seven. The fowls in both pens
were fed alike, each receiving, in addition to the feed re-
corded, lawn clippings three times per week. The experi-
ment began May 13 and extended to September 2. In
calculating the food cost per hen day the cock is included
in the hen days, but in calculating the number of eggs per
hen day the cock is not included. No ill health or accidents
of any kind occurred. The cock in the trial was in pen 1.
Foods consumed (May 14 to September 2).
Kinds or Food. Pen L Ten 2.
Lbs.
194
Lbs.
194
78
32 32
Middlings, 32 32
Gluten feed, 32 32
32 32
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Average Weight of Fowls {Pounds).
Dates. Pen 1. Ten 2.
5.09
4.91
July 16 4.91 4.94
4.S7 5.09
4.95
Influence of Cock on Ey(f-/>rod>":ffo,i.
Cock No Cock
•with Henh. with Hens.
Hen days, including cock, 1,904
1,792 1,792
$5 53 $5 49
$0 0029 *0 0031
Total number of eggs, 631 030
$0 008S fO 0087
.35+ .36—
77.3 76.79
Average weight of egg6 (ounces), 1.96 1.96
Dry matter consumed per hen day (pounds;
,
.... .19 .20
.58— .57+
1:4.7
1
u
Test No. 2. Influence of the Cock on Egg-production. —
During the preliminary period the fowls in pen 5 laid i*0
eggs, three offering to sit ; those in pen (> laid 107 eggs, five
offering to sit. The cock was placed in pen 6. One hen
in pen 6 was lame from July t> to the end of the test ; one
in pen 5 was injured in the back on July 22, and died
August 4. This test closed August 25.
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Foods consumed (May 14 to August 25).
Kinds of Food. Pen e. Pen 5.
T ha
179 161*
80] 81|
Bran, 31* 30]
314 30]
3U 30]
31* SOI
Average Weight of Hens (Pounds).
Dates. Pen 6. Pen 5.
5.06
June 11, 4.79 4.94
4.91 5.09
5.17
5.02
Influence of the Cock on Egg-production.
Cock
with Hens.
No Cock
with Hens.
1,664 1,643
1,768
$5 24 $4 89
$0 0030 $0 0030
629 526
$0 0083 $0 0093
.38+ .33—
77.84 64.76
1.98 1.97
.55 .63-
Dry matter consumed per hen day (pounds), . .20 .20
1:4.8 1:4.7
35 33
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Study of these results shows that the cock was without Bp-
parent influence upon the egg product of these fowls. The
differences are very small, too insignificant to have much
weight, even if in both trials of the same nature When
we note, however, that in one trial the balance was verv
slightly in favor of the set of fowls with which the cock wis
kept, and that in the other trial it was with the fowls kept
without the cock, we must conclude that the results prove
neither benefit nor injury due to the presence of the male.
In one respect only is there agreement in the results of the
two trials ; the average weight of the eggs from the hens
with which a male was kept was slightly the greater in both
trials. It seems not impossible that this effect may be due
to the fact that the eggs had been fertilized. The differ-
ence is, however, exceedingly small, and would be wholly
without significance to the producer of eggs for market or
for table use.
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KEPORT OF THE ENTOMOLOGIST.
CIIAKLKS D. FKKNALI).
The work of the past season has been along the lines indi-
cated in a previous report, so far as time and circumstances
would permit. It has seemed desirable to give especial
attention to the immediate needs of the citizens of this
C ommonwealth, as indicated by the extensive correspond-
ence, from which one is enabled to gain a pretty clear idea
of the insects especially troublesome, and upon which help
is needed, from year to year. The work on the gypsy and
brown-tail moths has demanded a large amount of time, not
only in frequent inspections of the field work in the infested
territory, but also in planning and directing the scientific
part of the work.
A monograph of the plume-moths (Pterophoridoe) of North
America was prepared and published in the last college re-
port, and a revised edition was issued in July as a spec ial
bulletin from this station. Such monographs are absolutely
essential as foundation work in economic entomology. I am
now at work, when other duties permit, on a similar mono-
graph of the two remaining families of the Pyrah'dce. Mr.
Cooley's monograph on the genus CJii<»uispis y a group of
very pernicious scale insects, is now quite tar advanced, and
will soon be ready for publication.
The San Jose Scale.
This insect has now unfortunately become established in
various parts of the State, and has been sent here for deter-
mination during the past season more frequently than any
other. This pest, as well as several other injurious scale
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insects, has been brought into the State and distributed
among our fruit growers on nursery stock; and, nolesf
present in large numbers, they are liable to be entirely
overlooked, both by the nurseryman and the purchaser, but
when they are discovered, not only does the purchaser sutler
from the loss of his trees, but the nurseryman is sure to lose
his trade. As a result, some of our more progressive dealers
in nursery stock, by my advice, have built fumigating houses,
and treat all stock received and sent out, with hydro-cyanic
acid gas.
Many of the other States have enacted laws for the regular
examination of their nurseries, and also prohibiting the intro-
duction of nursery stock that has not been examined by an
expert entomologist, appointed for that purpose by the State
from which the stock was shipped, and accompanied by his
certificate of examination . This has shut out the trade of
our nurserymen more or less from all those States where
such laws exist, and, at the same time, leaves Massachusetts
as a dumping ground for the infested nursery stock of other
States. It is evident, therefore, that we need some Law to
protect us against the introduction of the San Jose scale and
other injurious insects.
The Grass Thrips.
The amount of damage to grass done by this insect has
been estimated at more than that of all others combined.
This may be an overestimate, but there is no doubt that it
is one of the most destructive grass insects in this Common-
wealth. Very little has been known of it, beyond the fact
that it is very injurious; but no method of dealing with it
has been suggested that promised any great degree of suc-
cess. One of my assistants has worked out its life history
and bred it through all of its stages, and will prepare a
bulletin on it soon.
The Small Clover-leaf Beetle.
This insect (Phytonomus nigrirostrts) is very common on
the college farm, and is quite destructive to the clover on
which it feeds. Its habits and life history will be published
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when the investigations now being made on it are completed.
An allied species, the clover-leaf beetle (Phytonomw punc-
tatus), is reported in various parts of this country, and is
said to have done a great deal of damage.
The Buffalo Carpet Beetle.
The Buffalo carpet beetle has caused housekeepers more
or less trouble for a long time, and the correspondence about
this insect has been more extensive during the last ten years
than on almost any other. My attention has recently been
called to an invasion of this insect in the storehouse of the
Geo. Gilbert Manufacturing Company, in Ware, where it was
destroying woolen goods. After considering the matter
very fully, the owners were advised to close the house as
tightly as possible, and fumigate it with hydro-cyanic acid
gas. Full instructions were given, in order that no acci-
dents might occur from the use of this deadly gas.
Arsenate of Lead and Bordeaux Mixture.
Arsenate of lead has proved so valuable an insecticide for
the destruction of the gypsy moth, as well as other insects,
that several correspondents have inquired if it could be used
with Bordeaux mixture. A trial was therefore made on
several apple trees on my own grounds, with most excellent
results and without any injury to the foliage, though the
arsenate of lead was used in the proportion of five pounds
to one hundred and fifty gallons of water. The fruit of
these trees had been badly affected by the scab for several
years, but after a single spraying with the above prepara-
tion the fruit in the fall was in excellent condition. Experi-
ments will be performed with these substances another year,
before giving a detailed account of the work.
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EEPORT OF THE CHEMIST.
DEPARTMENT OF FERTILIZERS AND FERTILIZKk
MATERIALS.
CHARLES A. GOESSMANN.
Assistants: henri d. haskins, Charles i. goessmann, samuel w.
WILEY.
Part I. — Report on Official Inspection of Commercial Fertilizers.
Part II.— Report on General Work in the Chemical Laboratory.
PART I. —REPORT ON OFFICIAL INSPECTION
OF COMMERCIAL FERTILIZERS AND AGRI-
CULTURAL CHEMICALS IN 1898.
CHARLES A. GOESSMANN.
The number of licensed manufacturers and dealers in
commercial fertilizers and agricultural chemicals during th«'
past year is sixty-one. Thirty-five of these parties have
offices for the general distribution of their goods in Massa-
chusetts ; the remainder reside in other States, — ten in
New York, four in Connecticut, three in Vermont, time
in Rhode Island, one in Maine, one in New Jersey, one in
Illinois and two in Canada.
The distinct brands of fertilizer, including chemicals,
licensed in the State, are two hundred and sixty-four.
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Three hundred and seventy-eight samples of fertilizers
have thus far been collected in the general market by
experienced delegates of the station ; of these, three hun-
dred and sixty-three samples were analyzed at the close of
November, 1898, representing two hundred and sixty-four
distinct brands. The results of these analyses were pub-
lished for distribution in three bulletins, Nos. 51, 54 and
57, of the Hatch Experiment Station of the Massachusetts
Agricultural College, during the months of February, July
and November, 1898.
The remaining samples and others coming into our hands
before the expiration of the license, May 1, 1899, will be
analyzed in due time, and the results published in con-
formity with our State laws for the regulation of the trade
in commercial fertilizers.
The modes of chemical analysis adopted in our examinat ion
of fertilizers are, in all essential points, those recommended
by the Association of Official Chemists.
For a better understanding and due appreciation of the
trade in commercial fertilizers during the past year, the
following abstract of our results is here inserted. To arrive
at a correct conclusion, it must be borne in mind that only
the lowest stated guarantee is legally binding on all sales : —
(a) Where three essential elements of plant food were
guaranteed:— i 897. 1898.
Number with three elements equal to or above the highest
3 5
Number with two elements above the highest guarantee, . 2 17
Number with one element above the highest guarantee, 60 77
Number with three elements between the lowest and high-
r>9 85
Number with two elements between the lowest and highest
63 93
Number with one element between the lowest and highest
16 54
Number with two elements below the lowest guarantee, 6 19
Number with one element below the lowest guarantee, 29 90
(6) AVhere two essential elements of plant food were
guaranteed : —
Number with two elements above the highest guarantee, . 3 5
Number with one element above the highest guarantee, 10 24
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Number with two elements between lowest and highest
guarantee, .... .... |3
Number with one element between lowest and highest
guarantee, 12
Number with two elements below the lowest guarantee,
. 3
Number with one element below the lowest guarantee, G
(c) Where one essential element of plant food was
guaranteed : —
Number above the highest guarantee, 10 18
Number between lowest and highest guarantee, .
. .13 38
Number below the lowest guarantee, 1 i;>
A comparison of the above-stated results of our inspec-
tion during the years 1897 and 1898 shows no material
differences regarding the general character of the fertilizers
sold in our market. In a few cases it became our duty to
communicate with the manufacturers, and ask for an ex-
planation. Imperfect mixing proved in most of these cases
the cause of differences between guarantee and our analysis.
As the commercial value of the brand was not materially
affected, with only two or three exceptions, the cases were
passed over, after a satisfactory explanation from the party
interested.
The present condition of the trade in commercial fertilizers
offers exceptional advantages to provide efficient manures for
the successful raising of farm and garden crops congenial to
climate and soil. The fact that the most important essential
articles of plant food, as nitrogen, potash and phosphoric
acid, are freely offered for sale in our markets in forms
suitable to change the manurial refuse of the farm as stable
manure and vegetable compost into complete manures for
the crops to be raised, deserves the most serious attention
of farmers. To render the stated xcaste products of the form
in a higher degree efficacious as a manure supply cannot !><>
othewvise considered than as a most promising step in thr
direction of an econom ical supply ofplant food for the pro-
duction offarm and garden crops.
As the manufacturer at best can only prepare his special
or so-called complete fertilizers on general lines, not know-
ing the particular character and condition of the soil which
receives them, it becomes the business of the farmer to make
lftftS.
2.
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his selection with due care. An intelligent selection of fer-
tilizers from among the various brands offered for sale
requires, in the main, two kinds of knowledge
;
namely,
that the brand of fertilizer in question actually contains the
guaranteed quantities and qualities of essential articles of
plant food at a reasonable cost, and that it contains them in
such form and proportions as will best meet under existing
circumstances the special wants of soil and crop.
As the physical conditions and chemical resources of soils
in available plant food frequently differ widely even on the
same farm, no definite rule can be given for manuring farm
lands, beyond the advice to return to the soil in available
form those plant constituents which the crops raised in pre-
ceding years have abstracted in exceptionally large propor-
tion, and which will be especially called for by the crops to
be raised.
To assist farmers in selecting their fertilizers with refer-
ence to the wants of the crops they wish to cultivate, the
writer has for years published in his annual reports a com-
pilation of the analyses of farm and garden crops, to serve
as a guide to all interested in a rational mode of manuring
plants. Copies of these compilations of analyses may be
secured by asking for them at the office of the Hatch Ex-
periment Station, at Amherst, Mass.
In making choice from among the so-called complete fertil-
izers, two points in particular seem to be worth remembering.
First, select them with reference to the amount, the quality
and the kind of essential constituents they are guaranteed
to contain, and not merely with reference to the cost per
ton ; mere trade names are no guarantee offitness. High-
priced articles, when offered by reputable manufacturers,
have proved in many instances cheaper than low-priced
goods. Second, buy your supplies of reputable 1 dealers,
and insist in all cases on a statement of guaranteed com-
position.
Valuation of Commercial Fertilizers!
The market value of the higher grades of agricultural
chemicals and compound fertilizers depends in the ma-
jority of cases on the amount and the particular form of
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the three essential articles of plant food which they contain
nitrogen, potash and phosphoric, acid. Supply and
demand control the temporary market prices not less in the
fertilizer trade than in other lines of commercial business.
The approximate value of a fertilizer, simple or com-
pound, is obtained by multiplying the pounds contained in
a ton of two thousand pounds by the trade value per pound
of each of the three above-stated essential constituent- of
plant food present. The same course is adopted with refer-
ence to the different forms of each, wherever different prices
are recognized in the trade. Adding the different values
per ton obtained, we find the total value per ton at the
principal place of distribution.
As farmers are quite frequently not in the position to
secure the desired information regarding the market cost
of fertilizers they wish to secure, the official inspectors of
commercial fertilizers have aided them for years in ascer-
taining the current market prices of the following leading
or standard raw materials : —
Sulphate of ammonia.
Nitrate of soda.
Muriate of potash.
Sulphate of potash.
Cotton-seed meal.
Dry ground fish.
Azotin.
Ammoniate.
Castor pomace.
Linseed meal.
Dried blood.
Dried ground meat.
Boue and tankage.
Plain superphosphates, etc.
which serve largely in the manufacture of good fertilizers tor
our market ; and have published the results of their inquiries
in the form of tables, stating the average trade values per
pound, for the six months preceding, of the different kinds
and forms of fertilizing materials at the leading places of
distribution.
The values stated below are based on the condition of the
fertilizer market in centres of distribution in New England
during the six months preceding March, 1897 and 1898 : —
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Trade Values of Fertilizing Ingredients in Raw Materials and
Chemicals, 1897 and 1898 (Cents per Pound).
Nitrogen in ammonia salts,
1*97. 1898.
14.0
Nitrogen in nitrates, 14.0 13.0
Organic nitrogen in dry and fine ground fish, meat blood,
and in high-grade mixed fertilizers, 14.0 14.0
Organic nitrogen in cotton-seed meal, 12.0 12.0
Organic nitrogen in fine bone and tankage,.... 13.5 13.5
Organic nitrogen in medium bone and tankage,
. 11.0 10.0
Phosphoric acid soluble in water, 5.5 4.5
Phosphoric acid soluble in ammonium citrate, 5.0 4.0
Phosphoric acid in fine bone and tankage, . . . 5.0 4.0
Phosphoric acid in cotton-seed meal, castor pomace, wood
ashes and fine-ground fish, 5.0 4.0
Phosphoric acid in coarse bone and tankage, 2.5 3.5
Phosphoric acid insoluble (in ammonium citrate) in mixed
fertilizers, 2.0 2.0
Potash as sulphate (free from chlorides), . 5.0 5.0
4.5 4.25
From these figures it is apparent that some of the best
forms of nitrogen and phosphoric acid have suffered, as a
rule, a reduction in cost, as compared with preceding years.
For further details I have to refer to preceding annual
reports.
Consumers of commercial manurial substances will do well
to buy, whenever practicable, on a guarantee of composition
of their essential constituents, and to see that the bill of sale
recognizes the point of the bargain. Any mistake or mis-
understanding in the transaction may be readily adjusted, in
that case, between the contending parties.
The responsibility of the dealer ends with furnishing an
article corresponding in its composition with the lowest
stated quantity of each specified essential constituent.
It is of the first importance, when buying fertilizer- for
home composition, to consider their cost with reference to
what they promise to furnish.
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List of Manufacturers and Dealers who have secured Certificates
for the Sale of Commercial Fertilizers in the State (birinn t),r
Past Year {May 2, 1898, to May i, 1890), and the Brand*
licensed by Each.
The Armour Fertilizer Works, Chicago,
111.:—
Bone Meal.
Bone and Blood.
Ammoniated Bone and Potash.
All Soluble.
Bone, Blood and Potash.
Grain Grower.
Wm. H. Abbott, Holyoke, Mass. : —
Eagle Brand for Grass and Grain.
Complete Tobacco Fertilizer.
American Cotton Oil Co., New York,
N. Y. : —
Cotton-seed Meal.
Butchers' Rendering Association, Fall
River, Mass. : —
Bone and Tankage.
Bartlett & Holmes, Springfield, Mass. :—
Pure Ground Bone.
Animal Fertilizer.
Tankage.
H. J. Baker & Bro., New York, N. Y. : —
Standard Un X Ld Fertilizer.
Strawberry Manure.
Potato Manure.
Complete Cabbage Manure.
A. A. Ammoniated Superphosphate.
Complete Manure for General Use.
Grass and Lawn Dressing.
C. A. Bartlett, Worcester, Mass. :—
Fine-ground Bone.
Animal Fertilizer.
Berkshire Mills Co., Bridgeport Conn. :—
Complete Fertilizer.
Ammoniated Bone Phosphate.
Hiram Blanchard, Eastport, Me. : —
Fish, Bone and Potash, ^H) B.
Fish Scrap No. 2, .H^B.
Bowker Fertilizer Co
,
Boston, Mass. : —
Stockbridge Special Manures.
Hill and Drill Phosphate.
Farm and Garden Phosphate.
Lawn and Garden Dressing.
Fish and Potash.
Potato and Vegetable Manure.
Potato Phosphate.
Market Garden Manure.
Sure Crop Phosphate.
Gloucester Fish and Potash.
High-grade Fertilizer.
Essex Fertilizer.
Bone and Wood Ash Fertilizer.
Nitrate of Soda.
Dried Blood.
Dissolved Bone-black.
Muriate of Potash.
Sulphate of Potash.
William E. Brightman, Tiverton,
R.I.: —
Potato and Root Manure.
Phosphate.
Fish and Potash.
Bradley Fertilizer Co., Boston, Mass. : —
X. L. Superphosphate.
Potato Manure.
B. D. Sea Fowl Guano.
Complete Manures.
Fish and Potash.
Ammoniated Bone Phosphate.
Breck's Lawn and Garden Dressing.
Sulphate of Potash.
Corn Phosphate.
Muriate of Potash.
Nitrate of Soda.
Dissolved Bone.
Fine-ground Bone.
Daniel T. Church, Providence, K. L
(E. Wilcox, general airent) : —
Church's B Special.
Church's C Standard.
Church's D Fish and Potash.
Clark's Cove Fertilizer Co., Boston,
Mass. : —
Bay State Fertilizer.
Bay State Fertilizer G. G. Brand.
112 HATCH EXPERIMENT STATION. [Jan.
Clark's Cove Fertilizer Co. —Con.
Great Planet Manure.
Potato Fertilizer.
King Philip Guano.
Potato Manure.
Fish and Potash.
White Oak Pure Bone Meal.
Cleveland Dryer Co., Boston, Mass. :—
Superphosphate.
Potato Phosphate.
Cleveland Fertilizer.
E. Frank Coe Co., New York, N. Y. : —
High-grade Potato Fertilizer.
Tobacco and Onion Fertilizer.
High-grade Ammoniated Bone Su-
perphosphate.
Gold Brand Excelsior Guano.
Fish Guano and Potash.
Bay State Phosphate.
Vegetable and Vine Fertilizer.
Crocker Fertilizer and Chemical Co.,
Buffalo, N. Y.:—
Ammoniated Bone Superphosphate.
Potato, Hop and Tobacco Phos-
phate.
Ammoniated Wheat and Corn Phos-
phate.
New Rival Ammoniated Superphos-
phate.
Vegetable Bone Superphosphate.
General Crop Phosphate.
Universal Grain Grower.
Special Potato Manure.
New England Tobacco and Potato
Grower.
Cumberland Bone Phosphate Co., Bos-
ton, Mass. : —
Superphosphate.
Potato Fertilizer.
Concentrated Phosphate.
Fertilizer.
L. B. Darling Fertilizer Co., Pawtucket,
R. I.:—
Animal Fertilizer.
Potato and Root Crop Manure.
Tobacco Grower.
Blood, Bone and Potash.
Special Formula.
Fine-ground Bone.
Muriate of Potash.
Nitrate of Soda.
Farm Favorite.
John C. Dow & Co., Boston, Mass.:—
Nitrogenous Superphosphate.
Pure Ground Bone.
Eastern Chemical Co., Boston, Mass. : —
Imperial Liquid Plant Food.
W. E. Fyfe & Co., Clinton, Mass. : —
Wood Ashes.
Great Eastern Fertilizer Co., Rutland,
Vt. : —
Northern Corn Special.
General Fertilizer.
Vegetable, Vine and Tobacco Fer-
tilizer.
Garden Special.
Grass and Oats Fertilizer.
Thomas Hersom & Co., New Bedford,
Mass. :—
Bone Meal.
Meat and Bone.
Edmund Hersey, Hingham, Mass. :—
Ground Bone.
Thomas Kirley, South Hadley Falls,
Mass. :—
Pride of the Valley.
Lister's Agricultural Chemical Works,
Newark, N. J. : —
Lister's Celebrated Onion Fertilizer.
Lister's Success Fertilizer.
Lister's Special Potato Fertilizer.
Lister's Special Tobacco Fertilizer.
Lowell Fertilizer Co., Boston, Mass. :—
Bone Fertilizer for Corn and Grain.
Animal Fertilizer.
Potato Phosphate.
Bone and Potash.
Lawn Dressing.
Tobacco Manure.
Fruit and Vine Fertilizer.
Market-garden Fertilizer.
Ground Bone.
Lowe Bros., & Co., Fitchburg, Mass. :—
Tankage.
F. R. Lalor, Dunville, Ontario, Can. : —
Canada Unleached Hard-wood
Ashes.
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The Manes Formula and Peruvian Guano
Co.. New York, N. Y. :—
Bone Manures.
Superphosphates
.
Special Crop Manures.
Sulphate of Potash.
Double Manure Saba,
Nitrate of Soda.
B. McGarrer & Co., London, Ontario,
Can.:—
Unleached Hard-wood Ashes.
MeQuade Bros., West Auburn. Mass. : —
Geo. L. Monroe. Osweco, N. Y. : —
Canada Unleached Hard-wood
Ashes.
National Fertilizer Co., Bridgeport,
j Fertilizer Co.
—
Siia.. V.
Ground Bon*
.
Muriate of Potash.
Sulphate of Potash.
Nitrate of Soda.
P. & P. Potato Fertilizer.
A. W. Perkins & Co., Rutland, Yt. :—
Brooks & C< Hp*
Omplete Fertilizers.
Anunoniated Bone.
Market-garden Manure.
Nitrate of Soda.
Muriate of Potash.
of Potash.
Fish a-i r:\i-~.
Niagara Fertilizer Works, Bufialo,
N. Y.:—
Wheat and Com Producer.
Potato, Tobacco and Hop Fertilizer.
Niagara Triumph.
Packers Union Fertilizer Co., New
York, M. Y.:—
- Unirersal Fertilizer.
Wheat, Oats and Clover Fertilizer.
Animal Corn Fertilizer.
Potato Manure.
Gardener's Complete Manure.
Purine Guano Co., Boston, Mans. :—
Soluble Pacific Guano.
Special Potato Manure.
Nobsque Guano.
High-grade General Fertilizer.
Grans and Grain Fertilizer.
Fish and Potash.
Pacific Guano with 10 per cent.
Preston Fertilizer Co., Brooklru,
N. Y. : -
Pioneer.
Potato Fertt.izer.
Superphosphate. L
Co., Boston. Mas*. : —
Potato Mir.
-re.
Marketed- Mann-.
Com ManUT*.
Fota:o Pnosrhat-?.
of
Sulphate of
Nrtrat* of So: a.
Dialed Bone- lack.
Ben;arr.:n Ran da", East Bos: -..
& Polsej Fertilizer Co.,
Peabody, Mass. :—
Plrmouth Rock Brand.
Star Brand Superphosphate.
Market-Garden Fert:
Famo. and ML
Ground Raw Bon-?.
Read Ferriliier Co.. Nfw Y :k. N Y.
(H D Foster, general agent) : —
Standard Fertilizer.
H^h-crade Farmr^" Fr - :.
Practical Potaro Special.
Yegetable and Yine.
Fish. Boa? and Potash.
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N. Roy & Son, South Attleborough,
Mass. :—
Complete Animal Fertilizer.
The Rogers & Hubbard Co., Middle-
town, Conn. :
—
Hubbard's Soluble Potato Manure.
Hubbard's Soluble Tobacco Manure.
Hubbard's Fairchild's Formula for
Corn and General Crops.
Hubbard's Grass and Grain Fertil-
izer.
Hubbard's Oats and Top-dressing
Fertilizer.
Hubbard's Pure Raw Knuckle Bone
Flour.
Hubbard's Strictly Pure Fine Bone.
Hubbard's Fertilizer for all Soils
and all Crops.
Russia Cement Co., Gloucester, Mass. :—
XXX Fish and Potash.
High-grade Superphosphate.
Corn, Grain and Grass Manure.
Potato, Root and Vegetable Manure.
Odorless Lawn Dressing.
Potato Fertilizer.
Dry Ground Fish.
Special Manure for Carnations.
Lucien Sanderson, New Haven, Conn. :
—
Formula A.
Blood, Bone and Meat.
Dissolved Bone-black.
Nitrate of Soda.
Sulphate of Potash.
Muriate of Potash.
Sanderson's Old Reliable Super-
phosphate.
Sanderson's Potato Manure.
Edward H. Smith, Northborough,
Mass. : —
Ground Bone.
Thomas L. Stetson, Randolph, Mass. : —
Ground Bone.
Standard Fertilizer Co., Boston, Mass.
Standard Fertilizer.
Standard Guano.
Complete Manure.
Special for Potatoes.
C. F. Sturtevant, Hartford, Conn. : —
Tobacco and Sulphur Fertilizer.
Henry F. Tucker, Boston, Mass. : —
Original Bay State Bone Super-
phosphate.
Imperial Bone Superphosphate.
Special Potato Fertilizer.
Bay State Special.
Andrew H. Ward, Boston, Mass. : —
Ward's Chemical Fertilizer.
I. S. Whittemore, Wayland, Mass. : —
Complete Manure.
D. Whithead, Lowell, Mass. : —
Champion Garden Fertilizer.
Bone MeaL.
The Wilcox Fertilizer Works, Mystic,
Conn. : —
Potato, Onion and Tobacco Manure.
High-grade fish and potash.
Dry Ground Fish Guano.
Fish and Potash 1895 Brand.
Williams and Clark Fertilizer Co., Bos-
ton, Mass. :—
Ammoniated Bone Superphosphate.
Potato Phosphate.
High-grade Special.
Fine Wrapper Tobacco Grower.
Royal Bone Phosphate-
Corn Phosphate.
Potato Manure.
Grass Manure.
Fish and Potash.
Prolific Crop Producer.
Onion Manure.
Bone Meal.
Dry Ground Fish.
Sulphate of Potash.
Muriate of Potash.
Nitrate of Soda.
Dissolved Bone-black.
M. E. Wheeler & Co., Rutland, Vt. :—
High-grade Corn Fertilizer.
High-grade Potato Manure.
Superior Truck Fertilizer.
High-grade Fruit Fertilizer.
High-grade Grass and Oats Fertil-
izer.
A. L. Warren, Northborough, Mass. : —
Fine-ground Bone.
San ford Winter, Brockton, Mass. : —
Fine-ground Bone.
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PART II.—REPORT ON GENERAL WORK IN THE
CHEMICAL LABORATORY.
CHARLES A. GOE8SMANN.
1. Analyses of Materials sent on for Examination.
2. Notes on Wood Ashes, Condition of Trade, etc.
3. Notes on Fertilizers for Pot Cultivation and Green-
houses.
4. Observations regarding the Action of Acid and Basic
Phosphates on the Availibility of the Nitrogen in
Blood, Steamed Leather and Leather Scraps.
5. Notes on the Determination of the Available Phos-
phoric Acid in the Soil.
6. Analyses of Drainage Waters obtained in Connec-
tion with Some Field Experiments carried on upon
the Grounds of the Station.
1. Analyses of Materials sent on for Examination.
The number of substances tested in this connection amount
to several hundred. The results of our examination are
already published in detail in Bulletins 51, 54 and 57 of
the Hatch Experiment Station of the Massachusetts Agri-
cultural College, in connection with the results of the official
inspection of commercial fertilizers collected from original
packages by an efficient delegate of the station.
The responsibility of the genuineness of the articles sent
on for examination rests in all cases with the parties asking
for the analysis. Our publication of the results refers merely
to the locality they come from, to avoid misunderstandings.
The work carried on in this connection is growing from
year to year in importance.
A large proportion of commercial manorial substances
consist of by or waste products of various industries. The
composition and general character of these materials depend
116 HATCH EXPERIMENT STATION. [Jan.
on the current mode of manufacture. The rapid advance-
ment in many branches of industries is at any time liable to
affect more or less seriously the commercial as well as the
manurial value of their waste products. A frequent exam-
ination of that class of materials cannot fail to benefit the
vital interests of our farming community. For this reason,
arrangements were made, as in previous years, to attend to
the examination of substances of interest to farmers, to the
full extent of the resources placed at the disposal of the
officer in charge of this work.
These investigations are carried on free of charge to farmers
of the State, and as far as the financial resources of the lal>-
oratory admit. The examination of the materials is, as a
rule, carried on in the order they arrive at the station, and
the results are considered public property.
The following statement of the names of the different
articles sent on and thus far analyzed may suffice here to
convey some more definite idea concerning the general
character of the work : —
Materials sent on, Dec. 2, 1897, to Dec. 1, 1898,
Air-dried potatoes, . 9 ! Peat, 1
Acid phosphate, 2 Nitrate of soda, 3
Ashes from cremation of garb- Sulphate of ammonia, 1
age, 1 Sulphate of potash and mag-
Bleachery refuse, . nesia, 1
Broom corn seed, . 1 Sulphate of potash, . 2
Cotton-seed meal, . 2 Sweet clover hay, . 3
Compound fertilizers, 21 Sulphate of magnesia, . 1
Cremation ashes, 1 Soya bean refuse, . 1
Dissolved bone-black, 1 Starch, 2
Fodder material, 1 Sewage, . . ' . 1
Ground bone, .... 9 Soil, 12
Ground fish, .... 1 Silicate of potash, . 1
Hop refuse, .... 1 Tankage, 3
Lime-kiln ashes, 2 Tobacco stems, 1
Liquid fertilizer, 1 Tobacco refuse, 1
Manure, 12 Teopik fibre, ....
Marl, 1 Wood ashes, . 79
Muriate of potash, . 3 Wool waste, .... 1
Muck, 5 Whale-bone scrapings, . 1
Minerals, 3 Vat deposit, .... 1
Oxalic acid, . . " . 1
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A few of the more important of the above-stated ma-
terials, as wood ashes, etc., are discussed mon- at length in
subsequent pages.
2. Notes ox Wood A>hes.
Wood ashes for manurial purposes an/ in our Stat* -
to official inspection, and dealers in that enininoditv ha\< -
secure a license to sell in our State before thev can legallv
advertise their articles fur sale. Thi> circumstance makei it
obligatory on the dealer- to state the amount of potash and
of phosphoric acid they guarantee in these materials, and to
fasten that statement upon the package or ear. etc., which
contains them.
Some dealers in wood ashes have adopted of late the
practice of stating merely the sum of both, instead of
specifying the amount of each of them present. As phos-
phoric acid and potassium oxide contained in wood ashes are
considered, in our section of the country, pound for pound
of an equal commercial value, from 4.o to 5 cents, no par-
ticular objection can l>e raised against a joint statement I
both, as far as the mere money value of - -
concerned ; yet. as this mode of stating the guaranteed com-
position is apt to lead to misconception and abuse, it ought
to be discouraged and discontinued.
As the dealer is only obliged to guarantee the amount of
potash and of phosphoric acid present in a given quantity
of wood ashes, no serious objection can be raised on the
part of the buyer on account of moisture. < u . . I :.g
the article contains the specified amount of both potash and
phosphoric acid. Wood ashes ought to be bought and sold
by weight, and not by measure, for both moisture and the
general character of foreign matters are apt *. >eri u-l>
affect the weight of a given measure.
During the past year (1898) 40.1 per cent. - :
terials sent on for analysis consisted of wood-ash *ami
during the preceding year (18H7 i they amount.- i t- 4" >
cent.
The general character of the wood ashes -old durii _
stated years may be judged from the following ilasMiied
statement of our results : —
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No. of Samples.
Moisture from 1 to 3 per cent.,
1807.
. 10
1898.
9
Moisture from 3 to 6 per cent, 8 6
Moisture from 6 to 10 per cent.,
. 13 20
Moisture from 10 to 15 per cent., 19 22
Moisture from 15 to 20 per cent.,
. 11 16
Moisture from 20 to 30 per cent.,
. 10 6
Moisture above 35 per cent., 1 _ 1
Potassium oxide above 8 per cent, . 3 4
Potassium oxide from 7 to 8 per cent., 8 6
Potassium oxide from 6 to 7 per cent., 21 8
Potassium oxide from 5 to 6 per cent.,
. 28 22
Potassium oxide from 4 to 5 per cent,
. 10 25
Potassium oxide from 3 to 4 per cent, 3 11
Potassium oxide below 3 per cent, . 3
Phosphoric acid above 2 per cent, 4 6
Phosphoric acid from 1 to 2 per cent.,
. 45 60
Phosphoric acid below 1 per cent, . 24 13
Average per cent, of calcium oxide (lime), 34.29 33.60
r below 5, . 1
6 to 10, . . 10 16
Per cent mineral matter insoluble in
diluted hydrochloric acid, from—
10 to 15, . 30 31
15 to 20, .
20 to 30, .
. 15
3
15
13
. above 30, . 1
As the majority of dealers in wood ashes guarantee from
4.5 to 6 per cent, of potassium oxide in their articles, it
will be seen that a large number of the samples are below
even the lowest guarantee
;
showing, on the whole, that the
quality of wood ashes sold in 1898 as a potash source has
been inferior, when compared with the preceding year.
AVhether this circumstance is due to a general decline of
the article or to the management of any particular importer
or dealer is difficult to decide on our part, as long as farmers
do not state the name of the party from whom they have
bought, or the cost per ton of the ashes they send on for
examination.
It is most desirable to ascertain whether the general char-
acter of the wood ashes is gradually declining from natural
causes, or whether some parties are handling inferior goods.
All interested in the solution of this question will confer a
favor on us by sending with their samples of wood ashes the
names of the party from whom they bought the article, and
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state the price per ton asked at the nearest depot for gen-
era] distribution.
The large percentage of lime, from 30 to 40 per cent.,
found in genuine wood ashes, imparts a special agricultural
value to them as a fertilizer, aside from the amount of
potash and phosphoric acid they contain. Wherever an
application of lime is desired, wood ashes deserve favor-
able consideration, on account of the superior mechanical
condition of the lime they furnish.
3. Notes ox Fertilizeks suitable for raising Plants
in Pots and Greenhouses.
The interest in raising plants in pots and under <:la<>
in greenhouses, by the aid of commercial fertilizers, i>
gradually increasing, judging from numerous applications
for information.
The following analyses represent two samples of fertil-
izers recommended for that purpose
;
they were sent on
for a general analysis by parties interested in the matter : —
1. Plant Food in Pellet Form, sent on from Xewtoncille, Mass.
Yer Obnt.
Moisture, 3.39
Organic and volatile matter, 41.15
Ash constituents, 68.86
Water soluble material, 82.40
Insoluble residue (in water) 17.60
Total phosphoric acid, 16.59
Soluble phosphoric acid, 14.58
Reverted phosphoric acid, 1
"
Insoluble phosphoric acid, M
Potassium oxide, total, 7.96
Potassium oxide, water soluble, 7.68
Sodium oxide, ^.VJ
Calcium oxide, 4.04
Magnesium oxide, ^• ; *()
Chlorine, 6 05
Sulphuric acid (S0 3 ),
Total nitrogen, ^• ,;;>
Nitrogen as ammomates, 7.06
Nitrogen as nitrates, ^
Nitrogen as organic matter, ^
Insoluble matter in dilute hydrochloric acid (clay), . 14.33
Water solution strong! v acid.
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2. Liquid Fertilizer sent on from Natick, Mass.
Per Cent
Moisture, 90.46
Solid residue, 9.54
Phosphoric acid, 1.24
Potassium oxide, 2.79
Sodium oxide, 1 . 67
Calcium oxide, 1.82
Magnesium oxide, 07
Chlorine, 02
Sulphuric acid (S0 8 ),
Total nitrogen, 1.12
Nitrogen as ammoniates, 89
Nitrogen as nitrates, 73
Reaction strongly acid.
The importance of the interests involved induced the
writer some years ago to enter upon a series of experi-
ments, to assist in the development of a more efficient
system of manuring several important industrial crops,
fruits and garden vegetables. The first results of that
investigation are published in the eleventh and twelfth re-
ports of the director of the Massachusetts State Agricultural
Experiment Station, to which I have to refer for details.
Those of later years are contained in the annual report of
the Hatch Experiment Station of the Massachusetts Agri-
cultural College for 1896 and 1897.
In the course of my discussion of the lessons to be de-
rived from the above-stated experiment in field and vegeta-
tion house, it was recommended to observe the following
rules : —
1. To avoid an accumulation of half-decayed vegetable
matter in the soil, and to enrich the latter in the desired
direction by means of concentrated chemical manures.
2. To change, wherever practicable, from season to season
the position of the various crops, to favor the destruction of
parasites and to economize the inherent sources of plant food.
3. To avoid an accumulation of salines in the soil, not
called for by the crops, or considered injurious to the
chemical or physical properties of the soil.
4. To prevent a marked acidity of the soil, by a period-
ical application of air-slacked lime, wood ashes, etc.
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5. To select the various commercial forms of nitrogen,
and potash in particular, with special reference to the kind
and the desired character of the crop to be raised.
6. To use as a general fertilizer a mixture of two parts
of available potassium oxide, one part of available nitrogen
and one part of available phosphoric acid, in such quan-
tities per acre as the conditions of the soil and composition
of the crop to be raised called for
;
allowing, for the eom-
position of one thousand pounds of green garden vegetables.
on an average
rounds.
Nitrogen, 4.01
Phosphoric acid, 1.90
Potassium oxide, 3.90
On account of the frequent cultivation of beans and peas
as garden crops, a fertilizer of the following composition
suggested itself to me : —
Parts.
Available nitrogen, 1
Available potash, 2
Available phosphoric acid, 1
More recent observations confirm the advisability of the
previously stated rules in a general way
;
yet they also
emphasize the fact that, wherever the quality of the crop
controls its economical and commercial value, it seems ad-
visable that care should be taken to secure the exclusion of
an accumulation of soluble saline substances n<>t railed for
by the crop. This circumstance deserves particular atten-
tion in cultivation under glass, where the body of the soil is
limited, and the removal of such substances by percolation
to the lower layers offers but little chance of relief.
In our experiments above described this view of the ques-
tion of supplying plant food in the greenhouse has aided us
in selecting a series of concentrated chemical manures, which
for the above reason are now recommended for patronage : —
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Name op Substance.
Potassium
Oxide
(Per Cent.).
Phosphoric
Acid
(Per Cent.).
Nitrogen
(PerCent.).
High-grade muriate of potash 50.00 - -
High-grade sulphate of potash 50.20 - -
Potash-magnesia sulphate, 24.32 - -
Carbonate of potash-magnesia, .... 18.48 - -
32.56 35.70
~ 13.88 -
Odorless phosphate, phosphatic slag, - 18.42 -
47.80
43.86 10.37
4.02 10.00
14.28
19.59
As the local conditions of the soil and the composition
of the individual characteristics of the plants to be raised
deserve especial attention, when selecting from the above-
stated commercial manurial substances the constituents for
the fertilizer mixtures to be used, it cannot be -considered
judicious to recommend any particular combination as being
unfailing and best in all cases. For this reason it has been
thought best to state in this connection, as a mere matter
of illustration, a few combinations of manurial substances
which served us well, as may be noticed from a few preced-
ing annual reports,— State Experiment Station, 1893, pages
241 to 261 ; and 1894, pages 274 to 285.
The amount of fertilizer recommended per acre, under fair
conditions of the soil, contains : —
Pounds.
Available nitrogen, 60
Available phosphoric acid, 60
Available potash, 120
Some Combinations of High-ymde Substances for Use in Garden,
Greenhouse and Pots.
1. Nitrate of soda. 3. Dried blood.
High-grade sulphate of potash. High-grade sulphate of potash.
Dissolved bone-black. Dissolved bone-black.
2. Sulphate of ammonia.
High-grade sulphate of potash.
Dissolved bone-black.
4. Xitrate of soda.
Muriate of potash.
Dissolved bone-black.
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Mixtures of muriate of potash and sulphate of ammonia
have proved in our experience in many cases object ion-
able, on account of a mutual decomposition into chloride
of ammonia and sulphate of potash.
4. Observations with Dried Blood and Two Kinds
of Leather Refuse as the Sources of Nitro-
gen FOR GROWING RYE EN PRESENCE OF A.OTD AND
of Alkaline Phosphates.
In a preceding report an experiment has been briefly de-
scribed in which dried blood has been compared with Leather
refuse as a nitrogen source for growing plants, when used in
connection with double phosphate and muriate of potash.
The differences of the crops raised were more marked with
reference to the yield of the straw than to that of the grain.
(For details, see annual report of the Massachusetts State
Agricultural Experiment Station for 1<s<U, pages 283—285.
It seemed advisable to repeat the experiments, with such
modifications as experience suggested, to secure, if possible,
more decisive results, and to ascertain whether the degree of
availability of the nitrogen contained in the dried blood and
in the Leather refuse would not be more strikingly modified
by using alkaline 2)hosp]iatex instead of acid phosphates as
the phosphoric acid source.
The following course was adopted. Winter rye was again
selected for the observation. The soil used was taken from
the same locality, at eighteen inches below the surface, and
freed from coarse materials by repeated screening through
a sand screen, as in the first' experiment. The fertilizers
used were in each case carefully distributed throughout the
entire body of the soil. The boxes were the same which
had been used in the preceding experiments, containing
from seventy-five to eighty pounds of soil, having a depth
of eighteen inches.
Six boxes were employed in the experiment ; three served
for the trial with acid phosphate, — dissolved bone-black:
and three with an alkaline phosphate, — phosphatic slag
meal. The following mixtures of fertilizers were used
(weights are stated in grams; thirty grams equal to one
ounce) :
—
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First Lot, Nos. 7, 3 and 5.
Box 1. Box 3.
Sulphate of potash,
. .7.68 Sulphate of potash,
. .7.68
Dissolved bone-black,
. .24.38 Dissolved bone-black, . .24.38
Dried blood,
. . .40.22 Philadelphia tankage (a
steamed leather refuse), . 57.16
Box 5.
Sulphate of potash, 7.68
Dissolved bone-black, 24.38
Raw-leather waste, 56.64
Second Lot, Nos. 2, 4 and 6.
Box 2. Box 4.
Sulphate of potash, . . 7.68 Sulphate of potash, . . 7.68
Phosphatic slag meal, . 24 . 38 Phosphatic slag meal, . 24 . 38
Dried blood, . . .40.22 Philadelphia tankage (a
steamed leather refuse) , 57 . 16
Box 6.
Sulphate of potash, 7.68
Phosphatic slag meal, 24.38
Raw-leather waste, 56 . 64
The Seed. — Winter rye was planted in all boxes CM. 2,
1894. The young plants came up uniformly in all boxes
October 5. They reached a height of from five to six
inches before frost set in. After being fully developed,
they were reduced in all the boxes to a corresponding
Dumber, as in the first experiment.
The watering of the soil was partly by subirrigation and
partly by surface application, maintaining as tar as practica-
ble the moisture of the soil from 15 to 18 per cent, during
the growing season. The experiment was conducted with
a view to expose the soil to the unrestricted influence of the
Jocal temperature of the various seasons. A layer of snow
served as protection to the young growth during severe
spells of frost in winter.
The manurial substances used consisted of high-grade sul-
phate of potash, dissolved bone-black, phosphatic slag meal,
dried blood, Philadelphia tankage (a steamed leather), and
ground sole leather waste. The amount of nitrogen and
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potassium oxide applied was the same in each case, while
the amount of total phosphoric acid applied in case of the
phosphatic slag meal was one-fourth more than in the case
of the dissolved bone-black, which is practically all soluble
in water.
Composition of the Manurial Substance rised, with Reference to
Potash, Phosphoric Acid and Nitrogen (Per Cent.).
Potassium
Oxide.
Phosphoric
Acid. Nitrogen.
50.20
Dissolved bone-black, 14.00
18.40
4.00 10.00
Philadelphia tankage (steamed leather), . 7.80
7.02
* Calcium oxide, 48.6 per cent.
They grew at a similar rate during spring until the latter
part of April, when those which had received dried blood aa
nitrogen source (boxes 1 and 2) became more stalky, de-
veloping more and broader leaves than the plants in boxes
3, 4, 5 and 6. This difference in their growth became more
marked as the season advanced.
The following statement gives the average height of the
plants at various stages of observation (inches) : —
May 1. May 9. May 20. June L
21.5 34.0 50.0
16.5 24.0 32.0
14.0 22.5 30.5
26.0 38.0 56.5
17.5 25.0 32.5
7.0 17.5 28.0 35.0
The plants in all boxes began blooming about the same
time, the first week of June; they were harvested the first
week of July. There was no marked difference in regard
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to time of maturing. The general character of the matured
growth will be seen from the subsequent statement of the
weights of the average plant in each case (grams) :—
Box 1. Box 3. Box 5. Box 2. Box 4. Box «.
Moisture, .... 8 9 8-9 M 8-0 8 9 8-9
Total plant, .... 47.87 26.02 28.80 115.99 30.27 36.21
Kernels, .... 12.77 5.43 5.80 28.89 6.18 9*75
Chaff and straw, . 45.12 20.99 23.00 87.10 24.09 26.4<5
One hundred kernels, . l.» 1.44 1.48 1.79 1.58 1.62
The plants were in all cases cut two inches above their
roots. As it was of interest to know the amount of nitrogen
in the kernels of the highest and lowest weights, a nitrogen
determination of the kernels obtained in boxes 1 and 3, and
2 and 4 was earned out. The analyses gave the following
results :—
No. or Box. Per Cent.Nitrogen. Fertilizing Elements Used.
1, 1.84 Dried blood, dissolved bone-black.
3, 1.91 Philadelphia tankage, dissolved bone-black.
2, 2.31 Dried blood, phoephatie slag.
4, 2.19 Philadelphia tankage, phoephatie slag.
Fodder Analyses of Bye Samples (Kernels) as far as Material
on Hand sufficed for a Complete Analysis. Samples grown in
Boxes i, 2, 3 and 4 (Per Cent.).
Box 1. | Box 2. Box 3. Box 4.
4.87
95.13
8.50
91.50
100.00 j 100.00 100.00 100.00
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Analysis qfDry Matter.
Box 1. Box 2. Box 3. Box 4.
2.00 2.12 1.07
11.50 14.44 11.94 13.93
UM 1.65
1.52 2.20 1.44
80.39 82.09 M.2S
100.00 100.00 100.00 100.00
Judging from the results obtained in connection with
the described experiment the following conclusions suggesl
themselves : —
Conclusions.— The alkaline phosphate (phosphatie slag
meal) has under fairly corresponding conditions increased
the availability of the nitrogen contained in steamed leather,
in leather scraps and in dried blood in a higher degree than
the acid phosphate. The influence is apparent alike in the
general character of the entire plant and in the composition
of the kernels. The difference in the relative agricultural
value of both articles as nitrogen sources remains, however,
the same; for leather in any form, without a previous de-
struction of the tanning principle, tannin, is worthless for
manurial purposes.
5. Contribution to the Determination of the Avail-
able Phosphoric Acid in Soils under Cultivation.
The fact that agricultural chemists have thus far failed to
point out any mode of soil analysis as reliable, by which
the amount of phosphoric acid available to crops can be
ascertained, is pretty generally recognized. Attempts are
not wanting to solve this important question. Among the
well-known investigations in that direction are those of Dr.
B. Deyer (1894). Results of later years obtained in this
connection upon soils of well-known history at Rothamsted
in England are pronounced very encouraging by Dr. Gil-
bert. The American Association of Official Chemists has
during the past year entered upon a systematic investigation
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regarding the best course to be adopted to determine the
available phosphoric acid ; in this work the writer has taken
some part. A compilation of the contributions to these
more recent experiments is to be published soon by the
United States Department of Agriculture.
Our local observations at Amherst are briefly described in
a few subsequent pages upon a field which had been under
careful observation for five years, 1890-05. The following
brief abstract of the management of the field work shows the
condition of the soil which served for our investigation : —
Field F.
The field selected for this purpose is 300 feet long and
137 feet wide, running on a level from east to west. Pre-
vious to 1887 it was used as a meadow, which was well
worn out at that time, yielding but a scanty crop of Eng-
lish hay. During the autumn of 1887 the sod was turned
under and left in that state over winter. It was decided to
prepare the field for special experiments with phosphoric
acid by a systematic exhaustion of its inherent resources of
plant food. For this reason no manurial matter of any de-
scription was applied during the years 1887, 1888 and 1889.
The soil, a fair sandy loam, was carefully prepared every
year by ploughing during the fall and in the spring, to
improve its mechanical condition to the full extent of exist-
ing circumstances. During the same period a crop was
raised every year. These crops were selected, as far as
practicable, with a view to exhaust the supply of phosphoric
acid in particular. Corn, Hungarian grass and leguminous
crops (cow-pea, vetch and serradella) followed each other
in the order stated.
1890. — The field was subdivided into five plats, running
from east to west, each twenty-one feet wide, with a space
of eight feet between adjoining plats.
The manurial material applied to each of these five plats
contained, in every instance, the same form and the same
quantity of potassium oxide and of nitrogen, while the
phosphoric acid was furnished in each case in the form
of a different commercial phosphoric-acid-containing article,
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namely, phosphatic slag, Mona guano, Florida phosphate,
South Carolina phosphate (floats) and dissolved bone-black.
The market eost of each of these articles controlled the
quantity applied, for each plat received the same money
value in its particular kind of phosphate.
Analyses of Phosphates used.
[I., phosphatic Blag; II., Mona guano; III., Florida phosphate; IV., South Carolina phos-
phate; V., dissolved bone-black.]
Per Cent
I. II. nr. IV. V.
12.52 2.53 .39 15.98
Ash, 75.99 89.52 61.46
Calcium oxide 46.47 37.49 17.89 46.76
Magnesium oxide 5.05
Ferric and aluminic oxides, . 14.35 14.25 5.78
Total phosphoric acid, .... 19.04 21.88 21.72 27.57 15.82
Soluble phosphoric acid, 12.65
Reverted phosphoric acid, . 7.55 4.27 2.52
Insoluble phosphoric acid, . 14.33 23.30 .65
2.45 30.50 9.04 6.26
The following fertilizer mixtures have boon applied an-
nually to all the plats, with the exception of Plat which
received in 1890 ground apatite and in 1891 no phosphate
whatever : —
Plats. Annual Supply of Manurial Substances. Poundo.
Plat 1 (south, 6,494 square feet), . .
j
Ground phosphatic slag,
Potash-magnesia sulphate, .
m
43
58
Plat 2 (6,565 square feet), . .
.j Potash-magnesia sulphate, .
43*
59
Plat 3 (6,636 square feet), . . .
j
Ground Florida phosphate, .
Potash-magnesia sulphate, .
129
44
59
Plat 4 (6,707 square feet), . .
.j
South Carolina phosphate, . .
Nitrate of soda,
Potash-magnesia sulphate, .
131
60
Plat 5 (6,778 square feet), . . .
j
Dissolved bone-black
Potash-magnesia sulphate, .
78
45
61
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The phosphatic slag, Mona guano, South Carolina phos-
phate and Florida phosphate were applied at the rate of 850
pounds per acre ; dissolved bone-black at the rate of 500
pounds per acre. Nitrate of soda was applied at the rate of
250 pounds per acre and potash-magnesia sulphate at the
rate of 390 pounds per acre.
Potatoes were raised upon the plats in 1890; in 1891
winter wheat was employed (for details see ninth annual
report) ; in 1892 serradella was the crop experimented with
(see tenth annual report) ; and in 1893 a variety of Dent
corn, Pride of the North (see eleventh annual report).
1894. — During the preceding season it was decided to
ascertain the after-effect of the phosphoric acid applied
during previous years by excluding it from the fertilizer
applied. In addition, to secure the full effect of the phos-
phoric acid stored up, the potassium oxide and nitrogen
were increased one-half, as compared with preceding seasons.
A grain crop (barley) calling for a liberal amount of phos-
phoric acid was chosen for the trial. The field was ploughed
April 17, the fertilizer being applied broadcast April 20,
and harrowed in. Below is given a statement of fertilizer
applied : —
x>i„* i to. a&a o„„„».„ *^*\ j 64i pounds of nitrate of soda.Plat 1 (6,494 square feet)
J
87
5
founds of potash-magnesia sulphate.
t>i„* o /c ZR- S 651 pounds of nitrate of soda.Plat 2 (6, 6o square feet)
j g8
< £ound8 of p0ta8h .magne9 ia sulphate.
r>i„* «i /« ««« o ~„ *^f\ i 66 pounds of nitrate of soda.Plat 3 (6,606 square feet)
j 89 £ounds of pota8n .magne8ia 8Uiphate .
r>w a /a *^*\ $ 66? pounds of nitrate of soda.Plat 4 (6,707 square feet) ,
j M * goundjJ q{ potaeh .magne8ia 8U iphate.
r»i„* r /« tta t^t\ S 671 pounds of nitrate of soda.Plat 5 (6,778 square feet) ,
j 90 ? £ound8 of pota8h .magne8ia 8U iphate.
Yield of Crop (1894).
Plats.
Grain and
Straw
(Pounds).
Grain
(Pounds).
Straw and
Chaff
(Pounds).
Percentage
of Grain.
Percentage
of Straw.
490 169 221 34.49 65.51
Plat 2 405 148 251 34.07 65.93
290 78 212 26.89 73.11
Plat 4 460 144 216 31.30 68.70
Plat 5 390 118 272 30.26 69.74
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Summary of Yield of Crop (1890-94).
Plats. 1890.
Potatoes.
1891.
Wheat.
1892. 1893.
Corn.
1H9I.
Barley.
PUt 1 1,600 380 4,070 1,660 490
Plat 2, 1,415 340 3,410 1,381 405
1,500 215 2,750 1,347 290
Plat 4, 1,830 380 3,110 1,469 460
2,120 405 2,920 1,322 390
Phosphoric Acid applied to and removed from Field,
[Pounds.]
1890. 1891. 1892. 1893. 18*4. =
3
o
h
-
-=
Total
Amount
Removed.
Total
Amount
Itwulnlng
Plats.
Added.
Removed.
Added.
Removed.
Added.
>
o
a
9
» |Aaaea. i>oa- Added. >a:l
Plat 1, . 24.18 2.56 24.18 1.23 24.18 8.95 24.18 7.20 - 1.92 96.72 21.86 75.86
Plat 2, . 28.01 2.36 u.« L» 28.01 7.50 28.01 6.33
::
1.64 72.04 19.02 53.02
Plat 3, . 109.68 2.40 -* M 28.01 6.05 28.01 5.95 .76 165.70 15.85 149.85
Plat 4, 36.12 2.93 36.12 1.31 36.12 6.84 36.12 6.68 _* 1.72 144.48 19.84 124.64
Plat 5, . 12.34 3.39 12.34 12.34 6.42 12.34 6.05 _* 1.49 49.36 18.57 30.79
* None.
Conclusions.
From the previous statement of comparative yield we find
that the plat receiving dissolved bone-black leads in yield
during the first two years, while for the third, fourth and
fifth years the plats receiving insoluble phosphates are ahead,
phosphatic slag being first, South Carolina floats second and
Mona guano third.
Description of Modes of Analysis adopted in* oub brntm-
gations of Samples of Soil taken from the Ah«>ye->if.n-
tioned Five Plats in September, 1894, in tiik Manner
recommended by the committee of the a.merk an a
ciation of Official Chemists, Prof. Harry Snvdkr <>k
Minnesota, Chairman.
I. — Total Phosphoric Acid.
Ten grams of soil are digested with 100 c.c. of pure
hydrochloric acid, of specific gravity 1.115, for ten con-
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secutive hours in a boiling-water bath, shaking once each
hour. The stopper of the flask should carry a condensing
tube, to prevent evaporation. The material is filtered, and
the residue is washed with distilled water until free of acid.
The organic matter in filtrate is oxidized with nitric acid
and evaporated to dryness on the water bath, finishing on
sand bath to complete dryness. The material when cool
is taken up with hot water and a few cubic centimeters of
hydrochloric acid, and again evaporated to complete dryness.
It is taken up as before, filtered and washed thoroughly with
cold water, cooled and made up to 500 c.c.
II. — Directions of the Association of Official Agricultural Chemists
for the Determination of Available Phosphoric Acid in Soils,
Fifth Normal Hydrochloric Acid being used as the Solvent.
1. Determination of Moisture.— Use the official method
described in Bulletin 46, page 48, Division of Chemistry,
United States Department of Agriculture. Calculate all
results to the water free basis.
2. •Determination of Pho&plioric Acid Soluble in Fifth
Normal Hydrochloric Acid. — (a) Preliminary treatment :
Digest 20 grams of soil with 200 c.c. of fifth normal hydro-
chloric acid at 40° C. for five hours. Titrate 20 c.c. of the
clear filtrate against a standard caustic soda solution, using
phenolphthaline for the indicator. From this data calculate
the amount of hydrochloric acid necessary to be added, so
that the solution will be fifth normal after allowing for the
acid neutralized, (b) The determination : Weigh out 50 to
100 grams of soil into an Erlenmeyer flask, and add 10 c.c.
of acid, corrected for neutralization as directed under (a)
for every gram of soil used. The flask is corked with a
rubber stopper, which carries a thermometer. The flask is
then placed in a water bath previously heated to 40° C,
and the contents of the flask are thoroughly shaken every
half hour during the digestion. The solution is then filtered
through a ribbed filter of two thicknesses of paper, refilter-
mg the first portion, if cloudy. The filter should be large
enough to receive the entire contents of the flask. Before
filtering the contents, the flask should be well shaken. Four
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hundred to 600 c.c. of the filtrate (at 20° C.) are evaporated
to dryness after adding 1 to 3 c.c. of nitric acid. If there
is any appreciable amount of organic matter present, the
residue is to be carefully charred. Moisten the residue
with hydrochloric acid and add 50 to 100 c.c. of distilled
water, and then digest. Filter, neutralize with ammonia,
add 5 c.c. of strong nitric acid and 15 grams of nitrate of
ammonia in solution. Complete the determination accord-
ing to one of the official methods given for the determination
of phosphoric acid, or use the Goss method as given in Cir-
cular No. 4 to accompany Bulletin No. 46.
III.— Determination of the Available Phosphoric Acid in Soils !»/
Means of a One Per Cent. Solution of Citric Acid {J)r. ]',.
Deyer)
.
Preliminary Treatment.— Twenty grams of soil are di-
gested with 200 c.c. of a one per cent, citric acid solution
for five hours, at ordinary temperature (18° to 21° (
The material is filtered and solution is titrated against a
standard alkali solution, to determine the amount of acid
neutralized by alkalies in the soil. For the estimation of
the " available" potash and phosphoric acid, one per cent,
citric acid solution has been employed, digesting 100 grams
of air-dried soil with 500 c.c. of the solvent, as directed in
the preliminary test, corrected for neutralization, tor five
hours at room temperature. The filtered solution is evapo-
rated to dryness, charred, and the residue abstracted with
dilute hydrochloric acid and water. The filtrate from this
operation is treated for the determination of phosphoric acid
as directed in one of the official methods.
IV. — Determination of the Available Phosphoric Acid in Soils l>>/
Means of a Neutral Solution of Citrate of Ammonia.
Ten grams of the soil are digested for one-half hour, at
65° C, with 500 c.c. of strictly neutral solution of citrate
of ammonia, specific gravity 1.09. The flask carries a
rubber stopper, and is thoroughly agitated every five min-
utes. At the expiratipn of thirty minutes, remove flask
from bath and filter as rapidly as possible. Wash thor-
oughly with water at 65° C. Evaporate the solution to
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dryness, char, and abstract with dilute nitric acid. Filter
and wash thoroughly with water. Burn the residue to a
white ash, add it to the solution and bring to complete
dryness on sand bath. Take up with hot water and a few
cubic centimeters of nitric acid. Digest for one-half hour.
Filter and wash thoroughly, and determine phosphoric acid
in the solution in the usual way.
Results of Analyses of Soils for Available Phosphoric Acid, by
Methods previously described (Soil from Fields of Massachusetts
Agricultural College Farm).
No. of Samples. Moisture.
Total
Phosphoric
Acid.
Available Phos-
phoric Acid by
J Hydrochloric
Acid.
Available Phos-
phoric Acid by
1 Per Cent.
Citric Acid.
Available Phos-
phoric Acid
by Neutral
Citrate of Am-
monia.
v i . . .77 .255 .0285 .01325 .0735
2, .87 .290 .0338 .01650 .0945
8, . . . .95 .210 .0407 .01420 .0865
4, . . . 1.07 .220 .0330 .01920 .0925
6, 1.02 .180 .0345 .01430 .1070
Analysts: Henri D. Haskins.
Charles L Goessmann.
Conclusion.
The several modes used by us in determining the amount
of available phosphoric acid contained in the soil under ex-
amination have given different results. The difference in
the amount of available phosphoric acid found by any of the
modes of analysis employed does not correspond with the
actual yield of the several plats in the field. The results
of our investigation are more of a suggestive than decisive
character. The work will be continued as far as resources
on hand will permit.
6. Analysis of Drainage Waters obtained from
Field A of the Hatch Experiment Station.
The field under discussion has been from 1883 to date
treated in a systematic way with commercial fertilizers, in
the manner briefly described in the following pages. The
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field consisted of eleven plats, one-tenth of an acre each,
with a space of from five to six feet between the adjoining
plats. This space was cultivated in connection with the
planted plats, yet received no fertilizing material of any de-
scription, nor were they seeded down at any time during
the experiment. Each plat was provided in the centre with
a tile drain running at a depth of from three and a half
to four feet through the entire length, which terminated in
an open well, to allow the collection of the drainage water
for examination whenever desired, to study the character of
the soil constituents carried off. The entire field of eleven
separate plats were surrounded by a tile drain with an in-
dependent outlet, to prevent an access of drainage waters
from adjoining fields. A marked gradual decline in the
yield of several plats, in spite of a uniform liberal supply
of the fertilizer used during the earlier years of the experi-
ment, rendered an examination into the cause or causes of
the reduction in the annual yield desirable.
As an examination of the drainage waters (X)ming from the
different plats promised to throw some light on the ad inn of
the several mixtures of fertilizers used on the soil resources
of the field employed in the observation, it was decided to
subject them to a careful chemical analysis. The samples
used for these analyses were collected in all cases a- far as
practicable soon after each tile drain began to discharge
drainage water. As the temporary flow of the drains in the
different plats differed widely in quantity, no attempt was
made to ascertain in each case the exact amount discharged
in a given time. The examination was instituted for tin-
purpose of ascertaining the general character of the dis-
charge of the drains, and to determine the relative pro-
portion of various soil constituents they contained. The
results of this investigation are stated farther on, after a
brief description of the general management of the tield,
as well as a detailed statement of the fertilizers used.
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Amount of Fertilizing Ingredients used annually per Acre.
/-Nitrogen, .... 45 pounds.
Plats 0, 1, 2, 3, 5, 6, 8, 10, } Phosphoric acid, ... 80 pounds.
i Potassium oxide, . . . 125 pounds.
f
Nitrogen, . . . none.
Plats 4, 7, 9, . . . 1 Phosphoric acid, ... 80 pounds.
I Potassium oxide, . . . 125 pounds.
One plat, marked 0, received its main supply of phos-
phoric acid, potassium oxide and nitrogen in form of barn-
yard manure; the latter was carefully analyzed before being
applied, to determine the amount required to secure, as far
as practicable, the desired corresponding proportion of the
three essential fertilizing constituents. The deficiency in
potassium oxide and phosphoric acid was supplied by
potash-magnesia sulphate and dissolved bone-black. The
fertilizer for this plat consisted of 800 pounds of barn-yard
manure, 32 pounds of potash-magnesia sulphate and 18
pounds of dissolved bone-black.
The mechanical preparation of the soil, the incorporation
of the manurial substances, — the general character of the
latter being the same,— the seeding, cultivating and har-
vesting were carried on year after year in a like manner
and as far as practicable on the same day in case of every
plat during the same year.
The subsequent tabular statement shows the annual appli-
cation and special distribution of the manurial substances
with reference to each plat since 1889. The fertilizers were
in every case applied broadcast as early in the spring as
circumstances permitted. They were well harrowed under
before the seed was planted in rows by a seed drill.
Plats
(One-tenth Acre). Annual Supply of Manurial Substances.
Plat 0, 800 lbs. of barn-yard manure, 32 lbs. of potash-magnesia sulphate and 18
lbs. of dissolved bone-black.
Plat h • • 29 lbs. sodium nitrate (= 4 to 5 lbs. nitrogen), 25 lbs. muriate of potash(=12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone-black
(=8.5 lbs. available phosphoric acid).
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Plats
(One-tenth Acre)
.
Annual Supply of Manurial Substance*.
Plat 2, 29 lbe. sodium nitrate (=4 to 5 lbe. nitrogen), 48.5 lbn. pou»h-mairiiciia
sulphate (=12 to 13 lbs. potassium oxide), and 50 lbs. di^olved bour
black (=8.5 lbs. available phosphoric acid).
Plat 3, 43 lbs. dried blood (=5 to 6 lbs. nitrogen), 25 lbs. muriate of poUuh(=12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone black(=8.5 lbs. phosphoric acid).
Plat 4, 25 lbs. muriate of potash (= 12 to 13 lbs. potassium oxide) and 50 lba.
dissolved bone-black (=8.5 lbs. available phosphoric acid).
Plat 5, 22.5 lbs. ammonium sulphate (=4 to 5 lbs. nitrogen) 48.5 lbs. potash
magnesia sulphate (=12 to 13 lbs. potassium oxide), and 50 lbs. dts-
solved bone-black (=8.5 lbs. available phosphoric acid).
Plat 6, 22.5 lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), M lbs. muriate of
potash (=12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone-
black (=8.5 lbs. available phosphoric acid).
Plat 7, 25 lbs. muriate of potash (=12 to 13 lbs. potassium oxide) and 50 lbs.
dissolved bone-black (=8.5 lbs. available phosphoric acid).
Plat 8, 22.5 lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), 25 lbs. muriate of
potash (= 12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone-
black (=8.5 lbs. available phosphoric acid).
Plat 9, 25 lbs. muriate of potash (=12 to 13 lbs. potassium oxide) and 50 lbs.
dissolved bone-black (=8.5 lbs. available phosphoric acid).
Plat 10, 43 lbs. dried blood (=5 to 6 lbs. nitrogen), 48.5 lbs. potash-magnesia
sulphate (=12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone-
black (=8.5 lbs. available phosphoric acid).
The above-described course of the general management
of the experiment has been followed thus far for five con-
secutive years (1889-93, inclusive).
Kind of Crops Raised.
Corn (maize), in 1889.
Oats, in 1890.
Rye, in 1891.
Soybean, in 1892.
Oats, in 1893.
Amount of Fertilizing Ingredients applied per Acre during IS94.
(Nitrogen, .... 45 pounds.
Plats 0, 1, 2, 3, 5, 6, 8, 10, ^ Phosphoric acid, . . .100 pounds.
I Potassium oxide, . . .250 pounds.
(Nitrogen, .... none.
Plats 4, 7, 9, . . . \ Phosphoric acid, . . .100 pounds.
I Potassium oxide, . . . 250 pounds.
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Plats
(One-tenth Acre). Manurial Substances Applied.
Plat 0, . . 800 lbs. barn-yard manure, 80£ lbs. potash-magnesia sulphate and 77 lbs.
dissolved bone-black.
Plat 1, . . 29 lbs. sodium nitrate (=4 to 5 lbs. nitrogen), 54 lbs. muriate of potash
(=25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone-black
(=16 to 17 lbs. phosphoric acid).
Plat 2, . . 29 lbs. nitrate of soda (=4 to 5 lbs. nitrogen), 97 lbs. potash-magnesia
sulphate (=25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone-
black (=16 to 17 lbs. phosphoric acid).
Plat 3, 43 lbs. dried blood (=5 to 6 lbs. nitrogen), 54 lbs. muriate of potash
(=25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone-black
(— 16 to 17 lbs. phosphoric acid).
Plat 4, 54 lbs. muriate of potash (=25 to 26 lbs. potassium oxide), and 114 lbs.
dissolvedjbone-black (=16 to 17 lbs. phosphoric acid).
Plat 6, . . 22£ lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), 97 lbs. potash-mag-
nesia sulphate (= 25 to 26 lbs. potassium oxide), and 114 lbs. dissolved
bone-black (=16 to 17 lbs. phosphoric acid).
Plat 6, . . 22£ lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), 54 lbs. muriate of
potash (=25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone-
black (=16 to 17 lbB. phosphoric acid).
Plat 7, . . 54 lbs. muriate of potash (=25 to 26 lbs. potassium oxide), and 114 lbs.
dissolved bone-black (= 16 to 17 lbs. phosphoric acid).
Plat 8, . . 22£ lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), 54 lbs. muriate of
potash (=25 to 26 lbs. potassium oxide), and 114 lbs. dissolved bone-
black (=16 to 17 lbs. phosphoric acid).
Plat 9, 54 lbs. muriate of potash (=25 to 26 lbs. potassium oxide), and 114 lbs.
dissolved bone black (= 16 to 17 lbs. phosphoric acid).
Plat 10, 43 lbs. dried blood (=4 to 5 lbs. nitrogen), 97 lbs. sulphate of potash-
magnesia (=25 to 26 lbs. potassium oxide), and 114 lbs. dissolved
bone-black (= 16 to 17 lbs. phosphoric acid).
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Without any intention to discuss here in detail the causes
of the variations noticed in the composition of the saline resi-
dues left when evaporating a definite amount of the drainage
water collected from the various plats, it remains of especial
interest to call attention to the fact that wherever muriate of
potash had been used as a potash source of plant food excep-
tional quantities of the chlorides of calcium and magnesium
proved to be present (plats 1, 3, 4, 6, 7, H and SI). The
belief that a liberal use of muriate of potash had resulted in
wasting in an exceptional degree in particular the lime re-
sources of the soil, and thereby reducing the yield of the
crops, has since been continued. The annual yield of the
crops has been restored to its former satisfactory condition,
after a liberal addition of air-slaked lime to the manures used
for years upon the field in question.
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REPORT OF THE BOTANISTS.
GEORGE E. STONE, RALPH E. SMITH.
Scope of Work.
Pathogenic Fungi.
Diseases of the Walnut, Maple, Oak, Peach, Plum,
Cherry, Melon, Cabbage, Lettuce, Chrysanthe-
mum and Pansy.
Physiological Disorders.
Seasonal Peculiarities of Certain Shade Trees.
Over-feeding of Plants.
Bronzing of Roses.
Cucumber Wilt.
Some Difficulties which City Shade Trees have to
contend with.
Scope of Work.
This division has during the past year made special effort
to come into direct contact with a large number of market
gardeners and greenhouse growers
;
and, largely as a result
of this more direct contact and the numerous visits made
to their establishments, our correspondence has daring the
past year doubled that of any other year, and has covered
a multitude of subjects relating to botany.
We have paid some attention this summer to the asparagus
rust, which caused so much damage in this State in 1897.
A study of the conditions which caused the rust has been
made at various places throughout the State, and spraying
experiments have been carried on in co-operation with dif-
ferent asparagus growrers.
The results of the study of nematode worms in green-
In mses, which has received a great deal of attention by
this division lor over three years, have been published in
Bulletin No. 55, which can be had on application. This
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bulletin, containing 67 pages and 14 plates, gives :i full
account of the parasitic species of nematode, its life history
and development, together with the results of an extensive)
series of experiments on the methods of controlling the
pest. In these investigations the worthlessness of many
supposed remedies has been brought out, and a practical
method of treatment developed by which the trouble can l>e
successfully and economically avoided. From a consider-
able amount of data accumulated during the last three years
it appears that the loss experienced by cucumber growers
who have been troubled with nematodes in the greenhouse
equals 25 to 85 per cent, of the marketable crop; and it i-
hoped, from the positive results obtained, that little trouble
may be experienced hereafter with this pest. There are still,
however, some further experiments being made upon nema-
tode-control methods, in co-operation with large greenhouse
growers, along lines which promise cheaper and efficient
results.
The principal investigations with which this division is
concerned at present are largely in connection with market-
garden crops such as are cultivated in greenhouses. The
division is supplied with greenhouses excellently arranged
for experimental purposes, and containing space enough to
carry on investigations from which reliable deductions can
be drawn. The more important greenhouse crops grown
in our greenhouses for experimental purposes are those rep-
resenting considerable importance in this State, namely,
lettuce, cucumbers and tomatoes; and it may be justly said
that there is no class of agricultural pursuits which is repre-
sented by men of greater intelligence, skill and knowledge.
A brief outline of some of the investigations may not be
out of place : —
(a) Experiments on the control of the ''drop " in lettuce,
and a study of the little knoAvn habits of the fungus causing
the same. A lettuce house, 40 by 12 feet, is devoted to
these experiments.
(b) Observations on the "top-burn n in lettuce.
(c) Experiments on the mechanical conditions of the soil,
as affecting the growth of lettuce.
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(d) Sub-irrigation, as affecting lettuce diseases.
(e) Experiments on the pruning of encumbers, in rela-
tion to the maturity and production of fruit
;
also, observa-
tions on the various fungous diseases of the encumber, and
the conditions which favor them.
(f) Experiments on the pruning of tomatoes, in rela-
tion to the production and maturity of fruit; a study of the
fungous diseases of the tomato.
(g) Experiments on the growth of violets in sterilized
soil and nematode-infested earth, with special reference to
the relationship existing between the size, maturity and pro-
duction of flowers in the plants, and abundance of leaf spots.
(h) Experiments with gases and chemical Bolutions for
disinfecting greenhouses and repression of fungi.
(i) Further experiments on the relationship existing be-
tween electricity and plant growth.
There are a host of fungous diseases common to our out-of-
door plants, sonic of which have received special attention,
such, for example, as the asparagus rust, aster disease, etc. ;
but the practice of spraying fruit trees and gardes crops has
for many years been largely carried out by the horticultural
division, which is well equipped with all of the modern spray-
ing appliances.
A few years ago it was generally believed by the 1 majority
of people that botany was incapable of being made of any
practical use, and it is doing no injustice to truth to state
that it did possess little at that time. To-day, however, this
state of affairs has entirely changed, and botany, like chem-
istry and other allied sciences, has taken its place in the in-
dustrial arts, — a fact which is due to the advance of science
in general, but more especially to the inherent genius char-
acteristic of the American investigator, which naturally em-
phasizes the utilitarian aspect of science. The annual loss
in the United States to agricultural, horticultural and flori-
cultural products caused by pathogenic fungi and their allies
will probably equal $10,000,000. It is, therefore, not only
important, but perfectly legitimate, that the principal work
of botanists in our numerous experiment stations should
consist in studying the life history of these organisms with
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a view to their repression. In regard to the industrial ride
of botany, it should not be forgotten that it owes a great
deal to the patient investigations of the many scientific
workers of the past, who have devoted their attention to
matters of purely scientific interest; and our stations would
not be where they are to-day were it not for the labors of
these men.
In connection with the characteristic utilitarian features
of the present American botanists, it may be of some inter-
est to observe the differences existing between European
and American methods of combating pests. Some of the
most effective spraying solutions were discovered in Europe,
but the methods of applying them and the results obtained
by their use to our crops far exceed anything ever accom-
plished there. To one who has paid any attention to the
manner of growing plants in Europe and the methods which
are pursued in the control of plant diseases, it would Been
no exaggeration to state that more is accomplished in this
direction in the United States in one year than in Europe in
five years.
The past season has been what might be termed a normal
one, although, as in every season, some fungi were espe-
cially predominant. There are, however, every year types
of fungous diseases which affect our shade trees.
Pathogenic Fungi.
The fungous diseases which have been specially common
upon our shade trees this last season are as follows : —
Black Spot of the Maple (Rhytisma acerinum, (/*), /V. ).
This fungus is characterized by elevated black spots or
blotches upon the surface of the leaf, and, while it is not un-
common to a few maples, it has been especially abundant on
the silver maple.
146 HATCH EXPERIMENT STATION. [Jan.
Oak Leaf Blight (Gloeosporium nervisequum, (Fckl.),
Sacc).
A fungus apparently identical with that which causes the
blight of the sycamore is sometimes found upon the white
oak. This produces large dead blotches upon affected leaves,
and causes great disfiguration of white oak trees.
Walnut Leaf Blight (Gloeosporiam Juglandis, (Lib.),
Mont.).
This disease was mentioned in our last report as having
been especially abundant during 1897. It has also occurred
this year, but to a much less extent.
These diseases are briefly mentioned because complaint
has been frequent during the past summer in regard to them,
largely, however, from people who possess shade trees which
they value. From what we know in regard to the treatment
of similar fungi occurring on other plants, it would seem
that spraying might hold some of these in check ; and the
only reply which can be made is, Are the trees valuable
enough to receive treatment? Some of these fungi attack
large groves, and the expense of spraying would amount to
considerable. As a rule, these fungi only make their ap-
pearance at intervals, and do not injure the trees to any
great extent. In consideration of this fact, it appears ques-
tionable to us whether they are worth the trouble ; but,
should spraying be deemed necessary, it would have to be
done early and continued each year.
The disease of the peach known as the "leaf curl"
(Exoascus deformans, Fckl.) has been unusually abundant
during the past season. This disease is well known to most
peach growers, causing the leaves to become wrinkled and
curled and greatly deformed, finally resulting in their falling
to the ground. It is not ordinarily regarded as an especially
destructive disease, and does not often cause any appreciable
damage to the tree ; but, when so abundant as to cause a
large proportion of the leaves to fall, it cannot but injure
the tree to some extent.
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Another disease of the stone fruits, the so-called "plum
pockets" (Exoascus Pruni, Fckl.), which causes young
plants to become swollen and distorted in a peculiar manner,
has been received several times this year. Besides the plum
(Prunus domestica), the wild cherry (Primus Virf/t'/u'una)
is also affected by the same fungus. The disease is not often
very abundant, but occasionally causes a considerable diminu-
tion of the crop.
For methods of controlling the various diseases of the
peach, plum and cherry, consult the spraying bulletin annu-
ally issued by the horticultural division of this station.
A Musk-melon Disease.
During the latter part of August our attention was called
to a field of musk-melons, in which a destructive disease of
the leaves had appeared and seemed to be rapidly increasing.
The owner informed us that he had lost his entire crop the
year before in the same way. It was evident that the trouble
began in the centre of the hills. Here the leaves at the time
of our first visit had in many hills wilted and begun to turn
yellow and partially died. They were covered with yellow
spots, or, in the worst cases, wdth dead areas of considerable
size. At this time the general appearance of the Held was
good, the only very noticeably affected places being these
centres of some of the hills. Still, it could be seen on closer
examination that scarcely a leaf in the whole field was entirely
healthy. On almost every one there were small yellow
spots, more or less abundant, some were slightly wilted, ami
it was evident enough that the disease was spreading in each
hill from the centre outward. The dead areas on the most
affected leaves were dry and brittle, marked with slight con-
centric rings, and a dark, mould-like growth could be Been
upon them. Examined with the microscope, this proved t<>
be a fungus, and a species of Altemaria. It grew abun-
dantly in the tissue of the leaf as well as upon the surface,
where the dark-brown, club-shaped spores were produced.
No other fungus or other organism could be found on the
affected leaves, and there seemed but little doubt that thifl
was the direct cause of the trouble. Furthermore, Dr. AY.
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C. Sturgis,* who describes what is evidently the same disease
in Connecticut, has succeeded in producing it by inoculating
sound leaves with the fungus, thus leaving no doubt that
the Alternaria is the cause of the trouble. This fungus is a
mould-like growth, consisting of a mass of line filaments
which grow upon and in the leaf, consuming its substance
and vitality. It reproduces itself by the above-mentioned
spores, which are blown by the wind from the surface of the
affected leaves to fresh ones, and there germinate and produce
the disease. It is not entirely clear why the leaves near the
centre of the hill should be the first to show the disease,
unless, perhaps, it is because they are the oldest leaves, and
thus are growing less vigorously than the outer ones, and
less able to resist the attacks of such a fungus. It should
not be supposed that the disease spreads outward to the
other leaves through the plant itself, as the nature of the
fungus shows that this is not the case, but that it spreads
entirely by means of the spores which are carried through
the air.
As the disease was so far advanced when we first saw it, it
was pretty evident that no treatment would be of much avail
in checking it. A portion of the field was sprayed with
Bordeaux mixture, but the weather continued, as it had been
for some time previous, very rainy, and before a second
spraying could be made almost every leaf in the field was
dead and withered. Some of the melons had reached
sufficient size to mature, but nothing like a full crop was ob-
tained. The same disease was met with in one other locality
during the season, and no doubt occurred in various parts
of the State, though melon-raising is not much practised
here. There is no apparent reason why this disease should
not be as successfully treated by spraying with Bordeaux
mixture as are many similiar ones which are largely pre-
vented by this means. Experiments will be made another
season by spraying at the time of blossoming, and several
times thereafter during the season. Knowing the nature of
Report Connecticut Agricultural Experiment Station, 19 (1895), p. 186, and 20
(1896), p. 267. See also Ohio Bulletin 73, p. 235, and 89, p. 117 ; Journal Mycology,
vii, p. 373.
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the disease, it will of course be at once understood that it is
very advisable to destroy all affected vinos and leaves by
burning. It might also be safer not to plant melons 00 land
where the disease had already occurred during the previous
season. We do not, however, lay great stress on this, as
many farmers have a particular area especially suited to this
crop, which they do not like to give up, and the disease is
probably disseminated widely enough so that it is about as
likely to occur in one place as another.
Rotting of Cabbage.
The rotting of cabbage in the field, caused by a species of
bacteria, which has recently been so thoroughly investigated
by Russell* and Smith, f appeared this year in a field upon
the station grounds, and also occurred to our knowledge in
several other places in the State. It is a most destructive
disease, causing dead spots to appear upon the outer Leaves
of the cabbage, and usually resulting in a complete decay of
the whole head. Cauliflower is quite susceptible, as also
cabbages and turnips. A full description of the disease may
be obtained in the above-cited Farmers' Bulletin, which can
be obtained upon application to the Secretary of Agric ulture,
Washington, D. C. Xo practical remedy is known except
a rotation of crops. As the disease occurred here on land
which had never been in cabbages before, even this seems
rather uncertain.
Further Considerations in Regard to the Drop in Lettuce*
We have already referred to this disease in our last annual
report, and it may not be out of place to briefly call attention
to the progress which has been made towards the control of
this troublesome fungus. The study of the organism which
causes the disease has given some suggestive results in re-
gard to its treatment. The ordinary "damping fungus"
{Botrytis), has been generally regarded as the source of the
trouble, and we have so referred to it in our previous report.
Further observation has shown, however, that, whatever may
* Bulletin 65, Wisconsin Experiment Station.
t Farmers' Bulletin 68, United States Department Agriculture.
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be the relation between the drop fungus and Botrytis, it is
certain that the disease is not spread by Botrytis spores in
the air, but by a mycelium or mould-like growth in the soil
itself.
Our control experiments have so far been along three dif-
ferent lines
;
namely, those in which chemical substances
were used on the soil, the application of various gases to
the greenhouse, and the effect of different layers of sand and
sterilized earth. The results obtained by the use of chemical
substances have been entirely negative, and the use of gases
does not at the present time give great encouragement. In
our last report we called attention to the use of sterilized
soil as a possible control method, and during the past winter
and also at the present time this method has been in use.
Our experiments have shown that the heating method is the
only absolute one, although some gain has been made by the
use of three-fourths of an inch of sand upon the beds. The
sand which was sterilized showed better results than the un-
sterilized. In both instances, however, cleaner and better
plants have been obtained by the use of three-fourths or one-
half of an inch placed upon the surface of the soil. Ex-
periments in which three or four inches of the top soil was
sterilized gave absolute results in the control of the drop, and
those in winch two inches of the infected top soil was steril-
ized have not as yet shown any evidences of the drop. Where
one inch of sterilized soil was used and carefully distributed,
the loss from the drop has been about four per cent., while
in the adjacent beds which were not sterilized the loss was
about fifty per cent. These experiments have been carried
out in another badly infested house, managed by an experi-
enced lettuce grower, on a much larger scale, with quite sim-
ilar results.
AVhile this method gives promise of being a practical one,
we are not quite certain as yet whether it is the cheapest one
which can be utilized, and other control methods are being ex-
perimented with. Some growers clean their houses out every
year, and put in fresh subsoil mixed with horse manure;
but such a method is expensive, probably more so than the
heating of an inch or two of the top soil previous to planting
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the crop. If one is provided with a good steam boiler, as
most lettuce growers are, probably two hundred cubic feel
of soil could be heated sufficiently in one or two hours' time.
This amount of earth will cover twenty-four hundred square
feet of soil one inch deep, or a bed twenty-four feet wide by
one hundred feet long. Of course this heating will have to
be done with every crop, as the stirring of the soil subse-
quent to planting would redistribute the fungus. As a neces-
sary precaution against the drop, it would also be necessary
to have all the soil sterilized in which the prickers are
stalled, and also that which contains the first transplanting.
By this means alone much lessening of the drop could be ac-
complished ; but in conjunction with sterilized layers one
inch thick in the house, it would in most cases reduce the
infection still further. The amount of earth that is employed
in the seed bed and also that in which the first transplanting
is done is not so large but that it could be entirely sterilized.
When this is once accomplished, it would be sufficient for
some time to come, provided precautions were taken against
outside contamination. The benefits gained from the use of
sterilized soil are in themselves, regardless of the drop, suffi-
cient to pay for the process, according to some who have
used it, inasmuch as the lettuce plant shows a better color
and makes a quicker and larger growth.
The Chrysanthemum Rust.
This comparatively new disease has been not uncommon
in the State during the past season ; but it is encouraging to
note that its attacks seem in most cases where it has occurred
to have had but little appreciable effect, and the indications
now are that this disease is one which may be fully con-
trolled by proper methods of cultivation and management.
We noticed especially a case where a lot of plants were
brought in in August to set out in the open bed for fall
blooming. Fifteen plants were left over, and remained
standing on a greenhouse bench in pots. Later in the season
this bench was filled up with other potted plants which had
remained out of doors. Though all were of the same lot,
the fifteen became badly rusted, while none of the others or
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those set out in open beds showed any signs of the disease.
It seemed pretty evident, therefore, that the high August
temperature of the house had a bad effect upon the plants
confined in pots, causing them to be more susceptible to the
disease. Some of the plants which were still out of doors
in a cold frame also became rusted, but these were crowded
together so that all the lower leaves had fallen off, and were
plainly in poor condition. Of the many plants which were
set out in open beds in August or placed on benches with
space between them in September, not one showed any
noticeable rusting.
It remains to be said that the rusted plants, though badly
affected, produced blossoms as good, apparently, both in
quality and quantity, as similar healthy plants, and, further-
more, did not spread the disease to other plants, though kept
in close proximity to them. Judging, therefore, from this
year's experience, it seems probable that the skilful gardener
has no great cause for apprehension in this disease.
A New Pansy Disease.
During the past summer our attention was called to a field
of pansies at the establishment of a local seed grower, in
which the plants were badly affected by a disease of the
leaves and blossoms. Upon the affected leaves first appeared
small dead spots, each surrounded by a definite black border.
These spots soon increased in size, and in the later stages
of the disease the affected leaves had an appearance very
similar to that of the violet leaf spot (Cercospora IVoAc,
Sacc). Many plants were killed outright by the disease,
and all affected ones were in very poor condition. Resides
the spotting of the leaves, many of the blossoms also were
affected, the petals being disfigured by dead spots and
blotches upon them, while some of the flowers were mal-
formed or only partly developed. The latter was indeed one
of the most serious features of the trouble, as the plants
were raised for seed, and the yield was greatly reduced by
this failure of the blossoms to develop properly.
It was thought at first, from the general resemblance of
the leaf spots and close relationship of the two plants, that
1899.] PUBLIC DOCUMENT— No. 33.
this might be identical with the violet disease. This, how-
ever, did not prove to be the case. Examination showed
that the cause of the trouble was a fungus, but one of quite
a different nature from Cercospora, and belonging to the
genus Colletotrichum, being apparently a new and unde-
scribed species. This form has therefore been described in
the ' ' Botanical Gazette" of March, 1899, under the name
Colletotrichum Violce— tricolor is
.
This same disease has been seen in a few other localities
in the State, and Prof. B. D. Halsted has also very kindly
sent us specimens of it from New Jersey, so that the trouble
is doubtless widespread. Its occurrence, however, seems to
have been comparatively slight, except in the one instance
described above. In this case the number of plants was
very large, and pansies had been grown upon the same field
for several years, which may account for the severe outbreak
of the disease.
A portion of this field was sprayed twice with strong
Bordeaux mixture; but, as it was already late in the season,
and heavy rains prevailed at the time, little success from the
treatment was looked for. The owner, however, thought
that a beneficial result appeared from the treatment, and
from our own observation we can claim at least that later in
the season the sprayed portion of the field was certainly in
the best condition of any. If this did indeed result from
the spraying under such adverse conditions, it seems likely
that the disease could be kept well in check by proper treat-
ment.
Physiological Disorders.
Seasonal Peculiarities of Certain Shade Trees.
Some complaints have been made in regard to the falling
of leaves on the elm, maple and apple trees. This was
especially noticeable on the elm in various sections. We
had many specimens sent in for examination, and our at-
tention was called to a number of trees in which certain
branches had only half-developed leaves on them. These
leaves would linger along a while in this condition, when
they would gradually turn yellow and drop to the -round.
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Examination made of a great many leaves and brandies re-
vealed no fungous or insect pest preying upon them. The
condition of the apple trees was similar, although not so
prevalent ; and in the maple the cast-off leaves were mature
ones. The exact cause of this trouble is not obvious, bat
there can be little doubt that it was a functional disorder.
We have observed fine specimens of elm trees, which, after
a period of excessive seasons, would suddenly lose all their
leaves in midsummer, yet a year or two later would appear
as vigorous as ever. Inasmuch as the trees are not materi-
ally injured by the falling of a few leaves in midsummer,
remedial measures are not necessary.
Over-feeding of Plants.
The over-feeding of plants is not an uncommon occur-
rence at the present time, when so much concentrated fertil-
izer is used, and where attention is not given to the proper
amounts that should be employed. This trouble not only
occurs among florists, etc., but among those who cultivate
house plants as well ; and the cause of the trouble is usually
traceable to the fact that most people are not aware of the
strength of the constituents serving as plant food. The
normal strength of chemically pure solutions, available for
plants, is about one to one thousand or one to two thousand
parts, and when these solutions are put on at the rate of one
to one hundred or so, ill results must be expected to follow
their use.
We now and then have specimens of abnormal plants sent
in to us which are merely suffering from some such treat-
ment. A potted specimen of a Johnsonian lily, which had
a number of reddish eruptions or blisters upon its leaves,
was sent in for examination. These reddish blisters were
examined under the microscope, and they showed no evi-
dence of fungi or insects being present. The cells, however,
in the vicinity of the blisters showed that they had been
stimulated exceedingly, which manifested itself in exces-
sive cell division, giving rise to the blisters ; and where this
action had taken place excessively the tissues were ruptured,
thus producing a ragged, wounded appearance. This trouble
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could be readily referred to some abnormal features in i «.n-
nection with nutrition, and an inquiry showed that the plants
had been heavily fertilized with Chili saltpetre. The same
treatment was applied by us to a perfectly healthy John-
sonian lily, with the result that the same activity was Bhown
in the division of the leaf cells, which subsequently gave rise
to blisters or ragged eruptions identical with those described.
A number of ported specimens of cyclamens grown by I
florist were also brought to our notice last winter, which
showed somewhat similiar peculiarities in the leaf. These
leaves were blistered, although in quite a different manner
from the Johnsonian lily mentioned above. There were no
ragged or lacerated eruptions or pustules on the cyclamens,
and the manner of blistering was quite dinerent, although
it was evidently caused by over-feeding, or at least by inju-
dicious feeding, as it was found that the plants had been
heavily treated with nitrate of soda.
A singular case of over-fertilizing or perhaps over-water-
ing was seen in some specimens of carnations sent in to as
by a grower. We subsequently visited the greenhouse where
they were found, and had an opportunity of seeing these
abnormal plants in the benches, beside other plants of the
same variety that were not affected. About titty plant- in
this house showed this trouble, and it was confined to the
most robust specimens of the variety known as the Edith
Foster, and in some instances to the Mrs. Fisher. The
characteristics of these diseased plants were whitish sterna
and foliage, which were enlarged to about twice the size of
normal ones growing next to them. Repeated examinations
of the tissues of the affected plants seem to show that there
was nothing the matter with them except what might be
expected from improper nutritive conditions, such as might
be brought about by too much fertilizer or excessive water-
ing, which caused the plants to be stimulated abnormally in
their growth. In the spring the plants were removed from
the greenhouse into fresh garden soil, but they failed t<>
recover. The same variety of carnations has already shown
similar symptoms this season.
Injudicious use of fertilizers is not an uncommon matter.
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and more care should be exercised in their application.
Most fertilizer companies give explicit directions as to the
amounts which should be employed, and the excessive use
of them is generally traced to the carelessness of the
gardener in applying them. The results of over-feeding
generally manifest themselves in some abnormal stimulation
to the plant ; but these results, even when the same fertil-
izer is used, do not show themselves in a similar manner on
different species of plants. What would give rise to a
multiplication of cells and the formation of blisters in the
leaf of one plant, would not do it in the leaf of another. In
short, stimuli in plants manifest themselves specifically and
manifoldly.
The Bronzing of Rose Leaves.
A peculiar bronzing or irregular spotting of rose leaves was
brought to our attention last winter by Mr. Alexander
Montgomery, Jr., a member of the senior class. This
peculiarity in the spotting or bronzing of the leaf is common
to grafted varieties of the Tea, Bride and Bridesmaid roses,
grown at the extensive Waban conservatories at Natick
;
and Mr. Montgomery, who was working in the botanical
laboratory at that time, made, at my request, some investiga-
tions into the cause of the trouble. Both Mr. Montgomery
and his father, who is in charge of the Waban conservatories,
have had ample opportunity to observe bronzing; and it
therefore became a very easy matter to secure valuable data.
The only mention which we have noticed in connection with
this disease is that given by Professor Halsted of New
Jersey, who briefly referred to it in his annual report of
1894.* In this report he gives a figure of the black spot of
the rose, and in connection with it is shown what he desig-
nates a " discoloration that is most frequently met with on
the foliage of the La France, and may be called bronzing."
This he states, so far as he knows, is "not due to any
fungus, and is likely due to a structural weakness." This
reference to the disease by Professor Halsted was not ob-
served until Mr. Montgomery had finished his investiga-
* New Jersey Experiment Station Report, 1894, p. 384.
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tions
;
and, in order to ascertain whether the trouble with
which we were concerned was the same which he had briefly
alluded to, we forwarded him specimens for examination,
which resulted in establishing the identity of the two.
There is a certain resemblance between the spots which gire
rise to bronzing and those which are caused by the black
spot; and we found that the impression prevailed among
some rose growers that bronzing was simply an immature
stage of the black spot. To any one thoroughly familiar
with the characteristics of both diseases, the differences be-
tween them would be evident, and they would not be Likely
to confound one with the other.
The investigations of Mr. Montgomery showed that the
abnormal condition of the rose leaves subject to bronzing
was not in any way connected with fungi, but is of a physio-
logical nature, or structural weakness, as Professor Halsted
had correctly surmised. The first symptoms are manifested
in a mottled, bronzing coloration of the leaf. These spots
subsequently become more prominent, ranging from one-
sixteenth of an inch to one inch in size; the infected por-
tions of the leaf frequently turn yellow, and eventually the
leaflets and leaf stalk drop to the ground. Sometimes, bow-
ever, a whole leaflet becomes bronzed, and the yellowish
color is not observed. Numerous microscopic cross-sections
made of the bronzed leaf spots showed that the epidermal
and adjacent cells were in an abnormal condition. The
living contents of the cells were disintegrated, the proto-
plasm and cell walls had turned a reddish-brown color, and
numerous very minute bodies about the size of micrococci
filled the affected cells. These minute bodies proved upon
examination to be crystals of calcium oxalate. The exces-
sive deposits of calcium oxalate indicate that the leaf cells,
being unable to obtain sufficient nourishment, were not able
to assimilate the calcium salts, and consequently it is de-
posited in the cells in the form of calcium oxalate. It may
be said that all of this phenomenon is nothing extraordinary,
but merely concomitant with the death of the leaf, ami can
be observed in other species of plants. Mr. Montgomery
states that the bronzed leaves are more susceptible to disease,
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and he has observed the occurrence of rust upon them, while
healthy leaves would be entirely free.
A further examination of the affected plants at the Waban
conservatories, made by Mr. Montgomery and myself, showed
that all leaves even of plants subject to it were not affected,
but that it was confined in every instance to two places
:
first, where a stem is cut and a new branch starts, the leaf
at the base of the branch begins to bronze
;
second, when
an eye or axillary bud is rubbed off, the leaf generally
becomes bronzed.
There is a difference in susceptibility between young plants
and old ones. Roses planted in the middle of June show
bronzing the first of August, but it is scarcely noticed after
the first year's growth. Bronzing appears to occur more
largely upon plants which show rapid growth than on those
which have grown more slowly ; for this reason apparently
the root plants or ungrafted ones at the Waban conserva-
tories which are not so vigorous as the grafted ones are not
susceptible to it. Bronzing sometimes occurs upon small,
weak stock.
It should be stated, however, that, since bronzing occurs
on leaves at the axils of the shoots which bear the flowers,
no real harm is done to the marketable foliage, as the cut-
ting of the flower stalk is always above the position of the
leaves which are bronzed. The most intelligent and suc-
cessful rose growers always take the most care and pride in
their plants, and they are suspicious of any abnormal feature
which in any way mars the beauty of them : and this is, so
far as we have observed, the only inconvenience which this
trouble of bronzing gives rise to.
It is quite evident that we have in the bronzing of rose
leaves a physiological phenomenon which is not uncommon
to other plants. We have observed a similar falling of the
axillary leaves in other species of plants. In the rose it is
probably a correlative phenomenon, which is brought about,
or at least augmented, by years of cultivation and develop-
ment along certain lines. Any form of mutilation, whether
it be a cut or a mere scratch, acts as a stimulus to a plant
;
but the manner of reaction of the plant may not always be
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the same either in kind or degree. As a rule, the catting
of primary organs, such as a shoot, will give rise, union «:
other things, to increased activities in the secondarv organs,
such as a side shoot or side root ; and conversely the cuttiiur
of a secondary organ or branch will stimulate the primary
organ or main shoot. Then, again, the effects of stimuli
caused by cutting are more marked near the source of in-
jury, and less marked the further away an organ is from it.
For example, the cutting of the main axis near an eye or
bud would give rise to increased activities in the axillary
bud, which would manifest itself in the development of a
new shoot. The nearer the cut to the eye or bud, the more
marked will be the stimulation, or resultant activities, and
the more completely will it assume the characteristics of the
primary shoot. The better condition the plants are in, and
the more suitable and available plant food with which they
are supplied, the more rapid will be the growth of the shoot,
and the more marked wall be the correlative effects. Such,
in fact, are some of the laws governing correlation in plants.
In the case of the bronzing and subsequent death of the
axillary rose leaves, the stimulative effect of cutting causes
a marked growth of the shoot, and the nutritive substances
are thereby utilized by this organ to such an extent that
some other portion of the plant is made to suffer. In this
instance it is the axillary leaf which finally becomes bronzed,
turns more or less yellow and dies. In other words, bronz-
ing is nothing more or less than a physiological disorder,
and falls under the domain of plant irritability.
Cucumber Wilt.
The growing of cucumbers under glass is carried on ex-
tensively in some places in this State, and a disease known
as the wilt has been reported to the station a number of
different times. Complaints in regard to this disease have
always come from certain localities where it has, as a rule,
been quite universal among the different growers. The
symptoms of the disease are a wilting of the plant, or, more
strictly speaking, of the foliage, whenever it is subjected to
the intense rays of the sun.
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We visited several cucumber houses this last spring in
which the plants were subject to wilt, and observed a num-
ber of houses which contained badly affected plants. In those
houses running north and south, the vines in the morning
on the east side, which are subject to the sun's rays, would
be entirely wilted ; while those on the west side, and aw ay
from the sun's rays, were not in the least affected. In the
afternoon, when the sun had reached the west side of the
house, the vines would then become badly wilted, and those
on the east side, when no longer exposed to the direct rays
of the sun, would commence slowly to recover. The cause
of the wilt in every instance was not difficult to understand
;
but, as a necessary precaution against drawing deductions
too hastily, we examined every portion of a number of plants
very carefully, to convince ourselves that there was no other
cause than that which we had in mind. It is well known
that there is a bacterial disease of cucumbers that gives
rise to a wilting of the leaves, but careful examination of
the tissues shows nothing in the nature of bacteria to be
present.
At about the same time we visited several other cucumber
growers in other sections of the State, and had an oppor-
tunity of examining many vines in about the same stage of
development. In some instances the identical varieties of
cucumbers were grown, but in the majority of cases another
variety was used, namely, the White Spine, and in all cases
the methods of cultivation were radically different, and the
wilting of the vines was something unknown to them. Long
before we visited the region of wilt a number of letters of
inquiry had shown us that the disease in question was local,
and the majority of growers had never had trouble with it.
The cause is not due to any organism, whether insect or
fungous, but to extremely abnormal conditions of the plant s,
brought about by irrational methods of cultivation that give
rise to defective transpiration, or, in other words, to the
giving off of water from the leaves. The activity of tran-
spiration is affected by various causes. It is well known that
the stomata or breathing pores of the leaf are open during
sunshine and closed during darkness, and that the greatest
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activity in transpiration takes place during sunshine. Thii
fact is frequently demonstrated by young cucumber plants
in tolerably good conditions of health, which not infrequently
show some indications of wilt in sunshine, though not enough
to cause any amount of harm. This is especially so when
they are forced too rapidly, and when the texture of the Leaf
is not sufficiently developed. The temperature of the air
affects transpiration. A plant in an atmosphere saturated
with moisture will not exhale any watery vapor, provided
that the temperature of the plant is not higher than thai of
the air; but wrhen the temperature of the air is high, and
the proportion of moisture small, transpiration is promoted.
Transpiration is further affected by the temperature of the
soil in which the roots are embedded. When the roots are
warmed, transpiration becomes more active, and conse-
quently there exists more root absorptive activity. The
nature of liquids which the roots absorb and the kind of -oil
in which they grow also affect transpiration. Plants tran-
spire more when grown in sandy soil than when grown in
clay soil; also when grown in acid soil than when grown in
alkaline soil. One per cent, solutions of potassium nitrate
and other salts diminish transpiration, and we have been
able to produce severe cases of the wilt by watering pots of
cucumber plants with a one per cent, solution of potassium
nitrate.
The wilt, however, in the houses mentioned before was
not due to temperature or constituents of the soil, but was
brought about, as w^e have already inferred, by irrational
methods of treatment of the plants, and depends upon
other causes. In all probability, the cause of the wilt may
-be attributed partially to the characteristic peculiarities of
the varieties of cucumbers grown, as most of the variet tea
are Telegraph or Giant Pera. In many cases hybrid forms
are obtained by crossing these with the White Spine. These
varieties present a different appearance from the White
Spine; their stem and leaves appear to be small, and the
plants do not appear normally as green and rugged a- the
White Spine.
The methods of growing cucumbers where the wilt occurs
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are radically wrong in many ways. The houses are imper-
fectly supplied with ventilation, consequently little use can
be made of this necessary feature. Then, again, they are
supplied either wholly or partially with two layers of glass,
which are set about two inches apart, thus leaving an air
space in between for the purpose of keeping out the cold,
but which in reality becomes filled up with dirt, and is an
excellent aid in shutting out the light. Plants started in
such a house in winter continually suffer from lack of light,
— a feature which we have often observed in the greenhouses
in this State. Their leaves become pale, and they are at-
tached to the stalk by means of elongated petioles, and pre-
sent all the phenomena of partial etiolation, or, in other
words, they resemble plants grown in the dark. If we add
to such plants an enormously high temperature, without any
proper ventilation to make them stocky and rugged, then
we have a crop that is so tender and abnormally matured
that it is incapable of standing strong sunlight. If such a
crop is carried over until spring, and subjected to the intense
rays of the sun occurring in that season of the year, the ten-
der, etiolated, sickly colored leaves commence to wilt even
with the house closed and a considerable degree of moisture.
We observed as many as a dozen houses last spring af-
fected in this way, and not in a single one did we see more
than a dozen or so of what might be termed fairly good-
colored and healthy plants. Whenever we observed a plant
which possessed any color or texture in its leaves, we found
plants which showed no indication of the wilt. We exam-
ined at the same time in another locality a crop of a similar
variety of cucumbers grown in a house provided with a
single layer of glass, which had also received sufficient venti-
lation, and the plants were in an exceedingly vigorous con-
dition.
These facts show what it is always necessary to bear in
mind, that some varieties of plants can be grown by differ-
ent growers with entirely different results, and that it is
essential to pay the greatest attention to conditions which
are normal to the plants.
While the cause of the cucumber wilt is due, as we have
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already pointed out, to irrational methods of greenhouse
management, the specific cause can be traced directly to the
lack of texture in the plants, brought about by too Ugh
temperature and lack of light in the beginning, which doe*
not enable them to stand up under the powerful ravs of the
spring sun, as the amount of water thrown off from their
tender leaves is more than can be supplied by their root-.
This irrational method seems to have its origin in a desire
to save coal, and starve the plant by utilizing double la vers
of glass, and to indulge in too much forcing; or, in other
words, to get more out of the plant in a certain Length of
time than its inherent capacity warrants. In these methods
of culture, affecting, as they do, a single locality, we see
nothing but practice based upon a disregard of the normal
functions of the plant, and mistakes due to local conception
of greenhouse management. The remedy in such a case is
obvious, and consists in giving the plants during their young
stage of growth plenty of light and air, and not allowing
them to grow too rapidly. Cucumber plants grown in this
manner will possess color and texture, and they will be eata-
ble of standing the spring rays of the sun without wilting.
Some Difficulties which City Shade Trees have to <-<mtf,i<1
with.
For some years back our larger cities have had park com-
missions, whose duty consists, among other things, in seeing
to the setting out and caring for shade trees. Many of these
cities, having seen the necessity of a more general oversight
in regard to the care of trees, have gone a step further, and
have secured the services of a trained forester, whose busi-
ness it is to pay special attention to their welfare.
This department frequently has specimens of diseased
leaves and branches, especially of trees, sent to it for the
purpose of determining what is the matter with them.
Sometimes these specimens are from trees in whic h a single
branch has lost its leaves in mid-summer, or they may be
specimens from a tree which has died suddenly. An exami-
nation of the specimens frequently shows that there i- no
reason for believing that their abnormal condition is caused
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by either insect or fungi, although at times there may be
observed a few aphids on them, which it is generally sup-
posed are the cause of the trouble. The causes of these
troubles, however, are in many instances to be traced to
conditions which are peculiar to our times. In this age of
electric lights, trolley cars, sewers, pavements, gas, and
transmission of steam for heating purposes, it must be
confessed that the practice of setting out shade trees along
the borders of streets in our cities becomes rather discour-
aging. The price of enjoying these modern appliances of
scientific thought means more than the mere cost of digging
up our city streets and lopping off the limbs of trees every
few months ; in many instances it means the death of many
shade trees, and it may eventually lead to the question
whether it is worth while to bother at all with trees for our
city streets. The sickly, disfigured, mutilated specimens
of trees which are now and then seen in our busy city streets
have very little to recommend them, and in many cases
thoroughfares would become improved without them.
Some of the agencies which more especially affect our
trees are electricity, gas and steam. These may affect the
tree directly, by escaping and coming in contact with some
portion of it, or indirectly as by the lopping of limbs for
wires or the digging of trenches for the pipes, which very
frequently results in destroying portions of the root system.
There are other agencies, however, which are associated with
the death of the tree. One of these is the borer that is very
troublesome to the rock maple. Trees affected with these
can be readily detected by an examination of the bark of the
tree for round holes about one-quarter of an inch in diameter,
and in autumn the affected limbs can be readily detected by
a premature coloration, or hectic flush, as it were, of the
leaves. Then, again, there is the work of horses' teeth,
which, according to Mr. James Draper, who has had many
years' experience as a park commissioner at Worcester, in-
flicts more damage than any other single thing to city trees.
Many of the specimens of diseased shade trees which are
sent in to us year after year can be referred to one of the
above agencies as a cause of the trouble.
.
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The death of many trees can be referred to illuminating
gas. If a leak occurs in the pipe, the gas escapes verv
readily into the soil, especially if it is porous, and when it
comes in contact with the roots they are asphyxiated, and
the result to the tree manifests itself very quickly. The
symptoms of gas poisoning are most generally a sadden
falling of the leaves, a deadened appearance of the bark,
due to the collapse of the cambium or living layer, brought
about by the asphyxiation of the roots, which results in tin*
rapid death of the tree. In mild instances of poisoning the
effect shows only upon one side of the tree, but in general
the tree seldom escapes death. We have observed many
single trees killed by gas on the private grounds of eitv
residences, without the owner ever surmising what the
trouble was ; and this last summer we had an opportunity
to examine whole rows of native trees which had died by gas
asphyxiation. Some of the trees which we observ ed were at
a distance of fifty feet from the nearest gas main, while others
succumbed when not nearer than one hundred feet to the
leak in the pipes. While it is advantageous to all gas com-
panies to stop these leaks as soon as they are found, it be-
comes practically impossible to do so in every instance, and
the death of trees from this source must constantly be ex-
pected. As a matter of fact, the death of some fine shade
tree is not infrequently the first indication the gas company
has of a leak in its main.
Abnormal respiratory conditions, which usually result in
either a sudden or lingering death to trees, occur where they
have become submerged in water, or where they have been
covered with a foot or more of soil. We have noticed trees
growing beside sloping roadsides which had become filled in
with earth only on one side of the tree, resulting in that side
of the tree becoming dead, while the other side would linger
along in an unhealthy condition for years.
Less often does the death of trees result from steam, at
the transmission of this is not so common. Occasionally,
however, where steam pipes are laid near trees, they are
sometimes injured.
The various forms of concrete and pavements and the large
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surface of the ground covered by them about the city streets
are a menace to the health of trees, and the sickly conditions
which they present are often due to these. Some of our more
modern city streets obviate this matter by leaving a wide
space of turf between the sidewalk and road, for the purpose
of planting trees. This gives the roots a chance to develop
normally, inasmuch as the respiratory functions are not in-
terfered with, as is the case when they are covered with
pavements. Many of the streets in Springfield are especially
commendable in this direction.
Not a little of the disfiguration of trees is directly due to
the linemen in lopping limbs, and more especially to the
direct effect of electric currents. AVe have observed no in-
stance where electricity has killed a tree outright, but there
are many cases where the limbs have been killed by burning.
This effect is not only caused by the alternating current of
the electric lights, but by the direct current of the trolley
system ; the latter current being probably more injurious,
provided the same amount of amperes and voltage is em-
ployed. The damage done by grounded wires takes place
when trees are moist, as at that time the resistance is re-
duced, and the current becomes increased and has a better
opportunity to become dispersed. We have known of in-
stances where trees and the grass for some distance about
them have been charged with the escaping current. The
damage to the trees, however, is due to the heating effect
of electricity. The wire becomes grounded on a limb, and
when moist the current escapes. At first comparatively
little current passes through the limb, as the resistance is
high
;
but, as the heat increases the resistance decreases,
with the result that a large amount of current passes through,
which gives rise to still more heat, and subsequently develops
into a blaze. The action of electricity, as we have already
stated, is local in its effects. The injury, while sufficient to
kill every portion above the limb or trunk, does not, so far
as our observation goes, destroy the tissues very far above
the point of grounding. There are reasons for believing,
however, that the effects of the direct current are more
severe than those of the alternating current. In the case of
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the alternating current the anode and cathode alternate very
quickly, while in the direct current no alternation takes
place, and this results in an electrolysis of the cells, which
in turn produces disintegration and quick death to the pro-
toplasm. In short, we may say that all of the injury to trees
by electricity is brought about by heating, and by electroly-
sis and disintegration of the cell contents. Some observa-
tions made by Professor Hartig of Munich upon the effects
of lightning on trees are interesting in connection with tin-
subject of electricity. He observed that when a tree La
struck by lightning the current usually travels along the
cambium zone or living layer of the tree, just under the
bark, inasmuch as at this point the current finds the least
resistance. Sometimes the burning effect is more marked
just inside and outside of the cambium layer, where the re-
sistance is slightly greater,— a feature which is shown by
the dead areas in the trees many years after. There are
many trees struck by lightning which show scarcely any
injury, and others will show only a small dead area which
coincides with the path of the current. Professor Hartig
has made many observations upon trees struck by lightning,
and his practised eye is able to detect trees that have been
so affected which to the ordinary observer would appear
perfectly sound.
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